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Making the telephone MORE 
VALUABLE to more people 


The constant purpose of the Bell System is to make the telephone worth 
more and more to all who use it. To that end eight helpful ways to increase 
the usefulness of the telephone in your home or office are listed below. Some 
of these you may know. Others may come as a welcome surprise—as some- 
thing you often have wished for without knowing it is so readily available. 


Extension Telephones. A great 
convenience in bedroom, kitchen and 
living-room. Make stair climbing un- 
necessary. Improve business efficiency 
in the office. Save many steps every day. 


Hand Telephones. Modern. Dis- 
tinctive in appearance. An attractive 
addition to any room. Leave one hand 
free to take notes while telephoning. 


Portable Telephones. Plug in the 
wall like a lamp. May be moved from 
one room to another as needed. 


Individual Lines. Cost little more 
than party line service. Assure addi- 
tional privacy. Your line is “busy” only 
when you use it. 


Intercommunicating Facilities. 
Provide for making calls from one part 
of the home or office to another or 
transferring of incoming calls without 
the aid of the central office operator. 


Save time and steps and lead to a quiet, 
smooth-running establishment. 


Additional Beil Signals. For use 
in noisy locations or where it is nec- 
essary to summon people from a dis- 
tance to answer the telephone. 


Additional Directory Listings. 
Enable friends to locate you even 
though the telephone is in the name of 
husband, brother or sister, or another 
relative. In addition to the firm’s name, 
your own can be shown. Direct busi- 
ness to you. The cost is small. 


Telephone Planning. The tele- 
phone company in your city will gladly 
assist you in planning the most conve- 
nient telephone facilities for your home 
or office. The services of telephone 
experts are at your disposal. 


Call the Business Office of your Bell Tele- 
phone Company for full information about 
any of the services listed above. 


AMERICAN TELEPHONE AND TELEGRAPH COMPANY 
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A METHOD FOR THE DETERMINATION OF THE COEFFICIENT 
OF EXPANSION! 


By C. J. Kinziz anp C. H. Commons, Jr. 


ABSTRACT 


A description is given of a furnace and accessories for the determination of the co- 
efficient of expansion of glasses. Suggestions are presented which may lead to the useful 
application of the method for the determination of the coefficient of expansion of materials 
in the high-temperature range. 


I. Introduction 


The principle of this method consists of heating a piece of glass and 
measuring the expausion by means of a special connection with a microme- 
ter dial. The method of supporting the test piece is unique. A means 
has been devised for supporting the test piece completely detached from 
the furnace. This supporting mechanism is very rugged and is water- 
cooled. By automatic temperature control of the cooling water plus an 
efficient circulating system, the entire supporting mechanism is kept within 
one-tenth of 1°C of the desired temperature. This process eliminates 
making various corrections found to be necessary in former methods in 
which the rod-expansion principle is used and where the dial is connected 
to the furnace necessitating corrections for the expansion of furnace parts. 
In the present system there are two component parts: the furnace and 
the detached supporting mechanism carrying the test piece and the Ames 
dial. 

The furnace was one formerly used in making thermal shock tests. 
It proved satisfactory in temperature adjustments and control within 
the range from room temperature to about 500°C. 


II. Description of the Apparatus 


Figure 1 illustrates the furnace, the heating elements, and the air-circu- 
lating fan, and shows the position of the test piece and fused quartz rod 
which connects the test piece with the Ames dial. The parts may be 
identified by the following letters: 


A, */s-inch diameter fused silica rod used to connect the test piece with the Ames dial; 
B, Sil-O-Cel block, placed in position over a 4'/;-inch hole in the transite board inner fur- 
nace chamber, after the test piece has been placed in position; C, outer furnace shell; 
D, Sil-O-Cel powder insulation used between the inner shell, Z, and the outer shell, C; 
E, inner furnace shell consisting of the transite board; F, baffles to prevent direct radia- 
tion of heat to the specimen and to assist in controlled heat circulation in conjunction 
with the fan; G, metallic resistor coils to heat the furnace; H, 8- by 1- by 1-inch cast glass 
test piece in place; J, fan blades; J, 5-inch hole in the transite; K, hub of fan and also 
indicating the graphite bearing; L, indicating the position of the air-expansion tempera- 

1 Presented at the Annual Meeting, American Ceramic Society, Washington, 
D. C., February, 1932 (Enamel Division). 
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ture controller bulb and its position in relation 
to the test piece; M, driving shaft to the motor; 
N, fused silica tube to keep the specimen from 
tipping over during its placement on the base 
(when adjusted the specimen does not touch 
this tube); O, fused silica base to support the 
specimen on the base of the detached water- 
cooled supporting mechanism. 

Figure 2 represents a sectional plan 
of the furnace showing the fan and the 
air-circulating system: 


A, outer furnace shell; B, Sil-O-Cel insula- 
tion between the outer and the inner furnace 


Fic. 1. shells; C, angle-iron structure to bind the inner 
or transite furnace shell together; D, inner fur- 


nace shell of transite board; E and F, baffles 
to effect a suitable distribution of circulated 
air; G, fan to circulate air in the furnace; H, 
glass bulb of the air-expansion type tempera- 
ture controller; J, graphite bearing to guide 
the fan shaft; J, fused silica tube as a guide in 
placing the test piece; K, fused quartz base 
upon which the test piece rests; L, the test 
piece; and M, fan shaft. 


Figure 3 illustrates the mechanism 
used to support the test piece and 
micrometer dial completely detached 


Te Moron 


TPAC IO 


from the furnace of Figs. 1 and 2, but 


‘ 


permitting the test piece to be heated 
in the furnace during the test. 


A, Ames micrometer dial; B, Invar metal 
supports for holding the dial rigidly attached 
to the constant-temperature supporting sys- 
tem; C, exit point of the cooling water (the 
water is continuously pumped from point C 
back into the constant-temperature water bath 
from which it flows continuously by gravity to 
the inlet point, O); D, tube forming a 7/j-inch 
hole through which the fused silica rod, H, 
freely passes to connect the test piece, J; E, 
brass pipe; F, insulation to cover the metal 
system; G, tube through which water passes to 
insure reaching the bottom of the upper part 
of the system, thus insuring effective cooling 
at this critical point; H, fused silica rod to 
connect the dial with the test piece; J, test 
piece; J, fused silica tube with holes adjacent 
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to the test piece (used to assist in guiding the test piece during the initial placement 
and the holes to permit efficient heating of the test piece); XK, fused silica support for 
the test piece to connect it to the cooled bottom part of the system; L, extension of 
the brass pipe to keep the fused silica tube, J, in place; M, special threads in the upper 
elbow which permit swinging this member aside during the placing of the test piece, 
at the same time keeping the system water-tight; N, supporting member which con- 
nects to the wall of the room (only point of support); and O, point of the cooling-water 
inlet. 
The fan is constructed of six flat radial 
(1) The Motor and Fan blades equally spaced on a suitable hub and 
is of the centrifugal type. It is seven inches in diameter. 
. This mechanism is made of 1°/s-inch heavy 
walled seamless brass pipe and suitable brass 
fittings. The two elbows are made fast with 
screw joints and all other connections are soldered. The large size 
is chosen because of its rigidity. Small '/,-inch brass piping is used 
to conduct the water as shown in Fig. 3. Asbestos lagging (Fig. 3F) 
is used to cover the exposed parts. This lagging is made by blunging 
asbestos paper with water, squeezing out the excess water, and plastering 
onto the brass. When dry, this forms a good coating, F. The central 
uprights are about 6 inches long, the lower one extending to within 6 
inches of the bottom of the furnace and having a 4-inch brass tube, L, 
soldered to the top to serve as a support for the fused quartz tubes, J 
and K. The upper one extends down to within about '/, inch of the top 
of the furnace. The upper upright has a "/js-inch brass tube (inside 
diameter) soldered through the center, through which the fused quartz 
rod, H, passes. The length of the upper and lower horizontal arms as 
well as the rear upright depends on the size of the outside box and should 
not touch it at any place. 

It is necessary to fasten this mechanism as a unit entirely separate from 
the furnace. In this case, it is rigidly fastened to the brick and tile wall 
of the building. Water from a constant-temperature reservoir is circu- 
lated through the arm to prevent the expansion of the brass, due to the 
change in temperature. It is found that with this equipment, the change 
in temperature of the exit water during any run is less than '/°C. In 
constructing the unit, it is necessary to allow for the swinging of the upper 
horizontal arm when changing the specimens. This is accomplished by 
having a long thread at M. 

An Ames dial, A, reading directly in ten-thousandths of an inch, measures 
the change in the length of the specimen. This dial is mounted securely 
to the upper arm, but in such a manner that it can be readily removed 
when changing specimens. Since no water circulates through this sup- 
port, it may be made of Invar metal. 

Three pieces of fused quartz are used: (1) one tube 1*/s inches inside 
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diameter and about 11 inches long, J; (2) a rod 7 inches long to fit freely 
inside the tube, K; and (3) a rod 8 inches long and about */; inch diameter, 
H. 

The tube supports the specimen (Fig. 1H, Fig. 2Z, and Fig. 3/) in an 

upright position. It should extend 4 to 5 inches beyond the bottom 
of the specimen. To permit more rapid transfer of heat to the specimen, 
numerous '/,-inch holes are drilled along the length which covers the 
specimen. The rod which fits inside this tube supports the weight of 
the sample. The small rod, H, fits through the upper central upright, 
and rests on the top of the specimen and actuates the dial. 
Any type of control may be used. An 
(3) Temperature Control air-expansion controller bulb is found to be 
accurate and convenient. Briefly, it con-ists of a thin-walled Pyrex glass 
tube (Figs. LL and 2H) blown from a thin-walled tube and has a capacity 
of about 50 cubic centimeters. It is connected with a fine capillary tube 
which transmits the changes of pressure due to changes in temperature 
to a mercury-filled U-tube. A low-voltage contact made through the 
mercury throws a relay and thus regulates the current input of the furnace. 
An escapement valve which allows the mercury to be brought to the same 
level on both sides of the U-tube is found to give a more satisfactory per- 
formance. It is best to have most of the necessary current flowing at 
all times with only a relatively small percentage of the current regulated 
by the relay. This control equipment would keep the temperature as 
close as could be read on an ordinary galvanometer pyrometer. 


Ill. The Specimen 


The specimens for these investigations are enamel glasses cast to a 
shape 8 by 1 by 1 inch while molten by pouring the glass into a mold of 
heat-resisting alloy. The following technique is used: 


The mold is coated with a thin layer of soapstone. It is preheated in an 
electric muffle furnace at about 500°C for about one hour, cooled in the 
air about two minutes, and the enamel is poured into it. The mold is then 
returned to the furnace at this temperature for about fifteen minutes. 
It is then taken out and the hardened glass is quickly removed and re- 
turned to the furnace. The mold is cooled another two minutes and an- 
other specimen is poured. A little pressure with the thumbs on the glass is 
usually sufficient to remove the specimen cleanly. 

After the day’s casting of specimens, they are placed in a pan containing 
Sil-O-Cel insulating powder and the pan is placed in the furnace at 500°C. 
The furnace is sealed and the specimens allowed to cool over night in the 
furnace. This procedure gives a high percentage of well-formed and well- 
annealed test pieces. 

The mold is 8 by 1 by 1 by '/2 inch thick and is made in two sections plus 
the bottom and top plates. 
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IV. The Determination 


The specimen is set in place in the furnace, the block of Sil-O-Cel is 
replaced, the arm swung above the hole in the block, the fused quartz 
placed, and the dial mounted so that there is a slight pressure on the rod. 
The furnace is then heated to 100°C, and this temperature is held for one 
hour or until there is no movement of the dial indicator showing that the 
test piece has thoroughly heated. The dial reading is taken and the furnace 
temperature is raised to 400°C. After again holding until the dial indi- 
cator comes to equilibrium, the reading is taken. The difference in the 
reading is the expansion. 

The coefficient of expansion is found by dividing the expansion by the 
product of the original length and the difference in temperature in de- 
grees. 

The initial temperature of 100° and the finishing temperature of 400°C 
were arbitrarily chosen so as to be well below the softening point and 
critical annealing temperature of all enamels. These temperatures can 
readily be changed to suit any case. The starting point of 100° was se- 
lected because two tests were wanted per day and the furnace could not 
cool to room temperature in the time available. 


V. Results 


A large number of enamels were tested. The chief fact obtained from 
these tests is that the coefficient of expansion of the different enamels 
varies from 97.9 X 10~-" to 114.3 X 10~ in linear expansion over the 
range tested. Coefficients of the same enamels treated alike are found 
to check to within '/,% or less. 


VI. Suggested Changes 
There are several suggestions for making this apparatus more useful: 


(1) If a set of baffles consisting of two transite plates of sufficient size 
just to fill the space between tHe shields is put on each side of the speci- 
men at a distance of about 3 inches and drilled with */,-inch holes (more 
being drilled at the bottom than at the top) it is believed that a more uni- 
form temperature would be obtained from top to bottom. With the pres- 
ent method, the range from top to bottom is about 6°C. This range is 
found to be constant in every case checked. 

(2) For use at temperatures higher than 400°C, the transite could be 
replaced by a suitable refractory material, the wire elements replaced by a 
material of the Globar type, the glass tube air container could be replaced 
by a heat-resisting alloy or porcelain, and a different temperature controller 
could be used. 


With the changes suggested, it is believed that the softening point of 
the materials used would be the only limiting factor and could be applied 
in cases where other apparatus is inadequate. 


Trrantum ALLoy Mro. Company 
Nracara Fats, N. Y. 


MINERALOGY OF TYPICAL NORTH CAROLINA CLAYS AND 
SHALES* 
By W. L. Fasrantic anp N. H. 
ABSTRACT 

A microscopic examination was made on those clays and shales of North Carolina 
which gave most promise of future development in the structural clay products industry. 
The more common minerals were determined rather than the rare ones which did not 
occur in sufficient quantity to affect the quality of the clay. The work showed clay 
substance to be the most abundant material present, followed by quartz, red and yellow 
iron oxides, muscovite through sericite to hydromica, and epidote, with smaller amounts 
of rutile, biotite, titanite, tourmaline, and zircon. Diatoms were found in two cases 
and kaolinite in one. 


I. Introduction 


The microscopic examinations by McCaughey,' Galpin,? Sommers,’ 
and Schurecht*‘ have been more or less confined to high-grade clays. 

Ries® made a general study of the surface and high-grade clays of North 
Carolina. The microscopic work of Bayley® dealt only with the kaolins 
of the State. 

Since all previous petrographic work has been on the high-grade clays, 
this investigation was confined to those clays and shales which gave the 
most promise of future development and utilization in the manufacture of 
structural clay products. 


II. General Geology 


Clays and shales of this type are confined to pre-Cambrian, Cambrian, 
Triassic, and Columbian or recent ages. The materials from each of these 
divisions are discussed in detail under their respective headings. 


Ill. Procedure 


The microscopic study was carried out by grinding a large sample to 20- 
mesh and, after thorough mixing, a smallgsample was taken from this and 
ground in an agate mortar until, when mounted in index liquids on a slide, 
the cover glass fitted snugly and the liquid did not break up into small 
globules. Both washed and unwashed samples were studied. In some of 
the samples the clay substance was so abundant that it required washing 
with water to which a few drops of hydrochloric acid were added, so as 


* Received May 31, 1932. 

1W. J. McCaughey, “The Mineralogical Examination of Clays,” Trans. Amer. 
Ceram. Soc., 15, 322 (1913). os 

? S. L. Galpin, “Studies in Flint Clays and Their Associates,” ibid., 14, 301 (1912). 

2? R. C. Sommers, ‘Microscopic Examination of Clays,” Jour. Wash. Acad. Sct., 9 
(1910);, U. S. Geol. Surv., Bull., No. 708, p. 292 (1922). 

4H. G. Schurecht, “The Microscopic Examination of the Mineral Constituents of 
Some American Clays,” Jour. Amer. Ceram. Soc., 5 [1], 3 (1922). ‘ 

5H. Ries, “Clay Deposits and the Clay Industry of North Carolina,” N. C. Geol. 
Surv., Bull., No. 13, p. 64 (1897). a 

* W. S. Bayley, “Kaolins of North Carolina,” ibid., No. 29, p. 126 (1925). 
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not to mask the optical properties of the mineral grains present. Index 
liquids which had been standardized were used. The minerals present 
were determined by indices of refraction and general optical properties 
including interference figures where possible. 

The purpose of the examination was to determine the more common 
minerals, rather than to look for the rare minerals or those occurring in 
small amounts. 


IV. Geology and Mineralogy of Pre-Cambrian 


The pre-Cambrian or “Slate Belt’’ crosses the central part of North 
Carolina in a northeast-southwest direction. The western boundary is 
marked by a line drawn a few miles east of the. towns of Greensboro, 
Lexington, and Charlotte, and its eastern boundary by a line a few miles 
west of Durham, Sanford, and Wadesboro. The belt varies in width from 
eight to fifty miles. It is widest between Sanford and Lexington and 
becomes narrower to the north and south. 

The formations of the area consist of a great volcanic sedimentary series 
made up of long bands of shale composed in part of volcanic ash and in part 
of land waste. The whole series has been so completely metamorphosed 
over most of the area that the shales have become slates with well-defined 
cleavage which has in most cases destroyed the bedding planes. In parts 
of Stanley, Anson, and Union counties, metamorphism was less severe and 
as a result cleavage planes are not as well developed while the bedding 
planes have been very little disturbed, leaving areas of shale little altered 
and almost horizontal. This area is most important as a source of shale. 
Weathering has attacked the shales to great depth so that in most places 
they are fairl soft and readily worked.’ 

The minerals most commonly found are quartz (SiO:); muscovite 
[H:KAL,(SiO,)3] through sericite, a fine scaly variety of muscovite mica; 
yellow and red iron oxides; epidote [Ca,(AlFe).(AIOH)(SiO,)3]; chlorite 
[(HsMgsAl-SisO.s)]; tourmaline (a complex silicate of boron and alumi- 
num); apatite [CasF(PO,)3]; and albite [(NaAISisOs)] (see Table I). 

The quartz is abundant in all cases, varying from medium to large size 
grains. Mica varying through sericite and hydromica is common in all the 
clays in shredded form rather than in flake form. The yellow iron oxide 
predominates over the red, but both occur in irregular earthy masses. 
Epidote is common in the form of shreds and small grains in practically 
every clay. Small amounts of chlorite and tourmaline are found in most 
clays. Apatite and albite are rare and were only found in one case. 


V. Geology and Mineralogy of Cambrian 


The formations of Cambrian age are found in a number of localities in 
the western part of the State. The most prominent of these shale outcrops 


7 J. L. Stuckey, ‘“‘The Shales of North Carolina,’’ Jour. Amer. Ceram. Soc., 8 [12], 
843 (1925). 
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are found in Henderson County, near Etowah, and in Madison County, 
near Hot Springs. 

The rocks in Henderson County are known as Brevard schist due to their 
occurrence near Brevard. The formation consists of a dark bluish black, 
black, or gray-black schist and slate. Throughout the formation there is 
a series of limestone lentiles. 

The rocks of the formation disintegrate more readily than most of the 
others of the region, but the formation occupies ground only slightly lower 
than the Carolina gneiss. Decay makes its way down the schistose part- 
ings and the rock breaks up into slabs and flakes, largely by the action of 
frost. Red and brown clay soils are left when the rock is completely dis- 
integrated. These are shallow and contain many flakes of black schist. 
Ledges are usually near the surface, but seldom outcrop far from the stream 
cuts. 


Near Hot Springs the Cambrian formation known as the Watauga shale 
contains clays which have been more or less prospected and worked at 
various places. According to Kieth,° “the formation consists of a series of 
interbedded red, brown, yellow, green, and variegated shales, shaly sand- 
stones, and impure limestones. Much of the greater part of the formation 
is made up of highly colored shales, in places calcareous, in other places 
sandy, and usually argillaceous.’’ This shalé occupies a synclinal trough 
in the Shady limestone. Scattered through the Watauga shale are many 
layers or beds of blue to blue-gray limestone which show all grades of 
transition from limestone to red shale. 

The minerals most commonly found are quartz, muscovite, sericite, 
yellow and red varieties of iron oxides, titanite (CaTiSiO;), and garnet. 
The quartz is abundant in both cases, varying from large to small grains. 


TaBie I 
PRE-CAMBRIAN 
Yellow Red Tour- Clay 
Musco- Seri- iron iron Epi- Chlo- ma- Apa- Al-  sub- 
Location Quartz vite cite oxide oxide dote rite line tite bite stance 
(1) Thomasville A A Cc SS) A 
(2) Norwood A A Cc A 
(3) Mt. Gilead A A Cc Ss R Ss Ss A 
(4) Albemarle A A Ss R A 
(5) Yadkin A Cc i Cc Cc Ss R R A 
(6) Monroe A A R R A 
CAMBRIAN 
Yellow Red Clay 
Musco- iron iron sub- 
Location Quartz vite Sericite oxide oxide Titanite Garnet stance 
Etowah A Cc Cc Ss R R A 
8) Hot Springs A Cc Cc . Ss A 


A = abundant. C = common. §S = sparingly. R = rare. 


8 A. Kieth, Pisgah Folio, U. S. Geol. Surv., No. 147, 1907. 
* A. Kieth, Asheville Folio, ibid., No. 116, 1904. 
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Muscovite and sericite are common in both localities. Yellow iron oxide is 
more common than the red variety. Titanite and garnet were found 
only sparingly in Etowah (see Table I). 


VI. Geology and Mineralogy of Triassic 


There are three important areas or outcrops of the Triassic system in 
North Carolina, the Dan River area, the Deep River area, and the Wades- 
boro area. 

The Dan River area starts in Virginia and extends southward into 
North Carolina, covering portions of Stokes and Rockingham counties with 
the edge in Forsyth County. 

The formations consist of interbedded sandstones and shales which trend 
northeast and dip from 30 to 65° to the northwest. Important shale 
deposits varying from a few feet to 300 feet in thickness are abundant 
throughout the area. 

The Deep River area is situated wholly in North Carolina. The belt 
begins a little south of Oxford in Granville County and extends southward 
to Richmond County. 

According to Stuckey,’ the formations consist of interbedded sand- 
stones, shales, and conglomerates which vary in thickness up to several 
hundred feet. They strike northeast and dip from 5 to 50° to the south- 
east, with an average dip of about 20°. The dip of a given bed makes 
mining in most cases extremely easy. 

The area is subdivided into three formations. The lower formation, 
known as Pekin, is composed largely of red and brown sandstone. The 
middle formation, known as Cumnock, is made up largely of light colored 
or drab shale, sandstone, and coal beds. The upper formation, known as 
Sanford, consists mainly of red conglomerate of great, though unknown, 
thickness. 

The northern end of the Wadesboro area is near Pekin, Montgomery 
County, and extends southward to the North-South Carolina line. It is 
about 30 miles long and has a maximum width of 16 miles. The total area 
is about 275 square miles. The same formations are found in the Wades- 
boro area as in the Deep River area. The general dip is the same as in the 
Deep River area. 

There are no ceramic plants in the Wadesboro area. Sandstone is more 
abundant and shales apparently less abundant than in other areas. 

The minerals most commonly found are quartz, muscovite, biotite 
[(KH)e(MgFe)2(AlFe)2(SiO,)3], sericite, the yellow and red varieties of 
iron oxide, smaller amounts of epidote and rutile (TiTiO,), with occasionally 
small amounts of tourmaline, titanite, and zircon (ZrSiO,) (see Table II). 


1” See footnote 7. 
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All of these minerals are embedded in a large amount of fine-grained clay 
substance. 

The quartz was abundant in all of the samples, occurring in medium 
to large size grains. The next most abundant mineral was red and yellow 
iron oxides, varying from small grains to large earthy nodules, with the red 
type predominating. The muscovite varying through sericite to h,dro- 
mica was abundant in most samples. Epidote ranks next, occurring in 


II 
TRIASSIC 
Red Yellow Tour- Clay 
Musco- Seri- Bio- iron iron  Epi- ma- Titan- Zir- sub- 
Location Quartz vite cite tite oxide oxide dote Rutile line ite con stance 
(9) N.S. pottery A Cc Ss A Ss Ss Ss R R R A 
(11) Gulf A Ss) Ss Ss A Ss Cc R R R A 
Lowe’sGrove A C R A 
13a) Pine Hall 
red Ss Ss Cc Ss R R A 
(136) Pine Hall 
(13c) Pine Hall 
black* Cc R A 
ALLUVIAL 
Vellow Red Tour- _ Opa) Clay 
Musco- Seri- iron iron Epi- ma- Zir- Kaolin- dia- sub- 
Location Quartz vite cite oxide oxide dote line con ite toms stance 
(14) Etowah buff A A C RR _ A 
(16) Lillington A Cc Cc Ss A 


A = abundant. C = common. S = sparingly. R = rare. 


* Large amount of carbonaceous matter masked fine-grained minerals and made 
their determination difficult. 


small to medium grains. Small amounts of biotite were present in several 
of the clays, and in the Lowe’s Grove and Gulf samples, it had undergone 
weathering and altered in part to chlorite. Rutile was common though 
not abundant in all samples studied, occurring as irregular grains and 
needles. 


VII. Geology and Mineralogy of Alluvials 


Throughout the Piedmont Plateau and Coastal Plain, and to a limited 
extent in the mountain region, alluvial clays are common and often abun- 
dant in the terraces and flood plains along the rivers. Practically all of 
the clays used in North Carolina prior to 1922 were obtained from these 
flood ,plains and terraces. At the present time, some of the largest de- 
velopments in the state are on this type of deposit. 

These clays belong partly to the Columbian formation and partly to 
recent formations. They vary from yellowish to reddish in color, occur as 
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irregular lenses along the flood plains and terraces, and vary from 5 to 15 
feet in thickness. 

Interesting deposits of this type are found at Etowah along the French 
Board River, Weldon on the Roanoke River, and Lillington on the Cape 
Fear River. 

The most common minerals found are quartz, yellow and red iron oxide, 
muscovite, sericite, epidote, kaolinite (H,Al,Si,O»), zircon, tourmaline, and 
opal in the form of diatoms (SiO,-H,O) (see Table II). 

Quartz is common in all the clays. Muscovite and sericite are common 
at Etowah and sparing in the other two. Yellow iron oxide is common 
and red iron oxide sparing at Lillington and Weldon, but both are rare 
in the Etowah. Zircon is rare, although more abundant at Etowah than at 
Weldon. Kaolinite was found only at Etowah and tourmaline only at 
Lillington. Epidote is present in small amounts at Lillington and Weldon. 
Opal in the form of diatoms was common in the clays from Weldon and 
Lillington. 


VIII. Conclusions 


McDowell's"! summary of the microscopic work on high-grade clays 
shows them to contain kaolinite as one of the essential constituents. In 
the work on low-grade clays, clay substance was the most abundant ma- 
terial present. If kaolinite were present, it was contained in this fine- 
grained clay substance which was much too fine to determine with the 
microscope. Quartz and hydromica are common in low-grade as well as 
high-grade clays. 


The authors acknowledge and thank J. L. Stuckey for his as- 
Acknowledgment sistance, advice, and suggestions in this work. 
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SOME EXPERIMENTS WITH ZIRCON AND ZIRCONIA 
REFRACTORIES* 


By Groror F. Comstock 


ABSTRACT 


of the results of five years’ research on refractory uses for a chemi- 
fd included semi-permanent foundry molds, refractory brick an 


at high temperature. Zircon-bonded brick were more than ordi- 
nary magnesite, more resistant to spalling, and had about the same resistance as 
was more zircon and had better resistance 


I. Introduction 


This account of experiences since 1927 with zircon (zirconium silicate) 
and zirconia (the oxide) as refractory materials is presented primarily to 
correct certain erroneous information regarding these materials that has 
found a place in the literature which has been available for reference up to 
this time. 


Il. Materials Used 


The zircon used in this work was of two main varieties, a concentrated 
sand from Florida and India known as “crude zircon,” and a chemically 
treated or “refined sand.’”’ The former was variable in composition, 
containing 35 to 40% SiOz, 3 to 10% TiOs, and 0.8 to 2% Fe:O;. The 
refined zircon was much purer and more constant in composition, running 
usually about 33% SiOs, 0.2% TiOs, 0.1% FezOs, 0.7% and P,Os, and 
66% ZrO.. Both these grades were available as sand, from 80- to about 
150-mesh in fineness, and as a milled powder, through 325-mesh. The 
milled refined zircon might run about 1% higher in silica than the sand or 
granular zircon. 

It was soon established, by heating small briquets in a carbon-resis- 
tance furnace, that the crude zircon shrank and softened at about 1600°C, 
while the refined zircon did not soften at over 1800°C. Thus for use as a 
super-refractory it was decided that the zircon must be refined to a low 
content of titania and iron oxide. 


III. Semi-Permanent Molds for Castings 


The use of crude zircon was attractive on account of its lower cost, and 
the suggestion was offered that for foundry use a semi-permanent mold 


* Received June 24, 1932. 
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might be developed from it if the proper binder were discovered. Reports 
were received that zircon had been used with success in this way because at 
moderately high temperatures it had no permanent volume changes. 
Since the maximum temperatures involved in this use were not very high, 
and impurities in fairly large amount would have to be introduced into the 
zircon mix to bake or fire it to sufficient strength at a temperature easily 
reached in a foundry, it seemed that crude zircon should serve just as well 
for this purpose as the more costly refined zircon. 

After experimenting with various bonding materials, a good zircon 
mixture for molds was found to be as follows: 

Crude zircon sand 68% (by weight) Portland cement 6% 
Crude milled zircon 14 Water, about 8% (by weight) 
Powdered ball clay 12% 

This mixture is plastic, but rather sticky. To prevent sticking of a 
pattern against which it is rammed, the pattern should be sprayed with 
kerosene carrying powdered talc in suspension, and subsequently dusted 
with fine graphite flakes. The molds should be dried slowly and fired to 
1150°C in about 7 hours, cooling in the furnace. The drying and firing 
shrinkage is about '/, inch per foot. After firing, the surfaces to be exposed 
to molten metal in use may be smoothed by rubbing with a thick suspension 
of graphite in a goulac solution, and the molds must receive a coating of 
soot before each casting is poured. 

This kind of mold was especially satisfactory for castings of aluminum 
and magnesium, and as many as 80 to 100 castings of aluminum al!oys were 
obtained from molds made of it without defects developing in the mold. 
It was stated at one foundry, however, that the molds were not porous 
enough to allow air to escape at the corners, and hence the edges of the 
castings were not sharp. Efforts to make them more porous by adding 
coke, sulphur, etc., to the mix were not successful, as the result was always 
to make the molds too weak for satisfactory service. 

For making bronze and iron castings a mold made of refined zircon 
instead of crude, and without clay or cement, gave better results. The 
best mixture was 60% refined zircon sand, 40% refined milled zircon, and 
for binder about 7.5% by weight of a water solution containing 5% caustic 
soda. These molds were fired to 1400°C in about seven hours. The 
shrinkage in small sizes was negligible. A soot coating before pouring 
each casting was essential. Thirty bronze castings were made from one 
small mold of this kind without trouble, but with a larger mold making 
a bushing 12 inches long and 2 inches in diameter only 17 castings were 
obtained before the corners of the mold broke. 

It was then decided that the chances of better success along this line 
would not repay further efforts, especially since nearly all foundrymen 


1 Suggested by H. L. Watson, General Electric Company, West Lynn, Mass. 
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preferred to use a sand mold only once rather than to take proper care of a 
semi-permanent refractory mold. 


IV. Electric Firing of Zircon Brick 


More favorable results were obtained with refined zircon for making 
super-refractory brick and cement. From the attempts of others to make 
good zircon brick, it was realized that a coerser-grained zircon than the sand 
was required to give an acceptable product and that no clay or other perma- 
nent binder except milled zircon should be used. An unusually high firing 
temperature would be essential to obtain strength in such a pure zircon 
brick. Therefore the first plan was to fire the brick in an electric furnace. 
With the aid of the late F. A. J. Fitzgerald and his assistant, Mr. Kelleher, 
a suitable small furnace was built on the principle of the Harper kiln using 
graphite resistors. The firing temperature desired was 1650°C. The 
furnace was first run with a reducing atmosphere in the working chamber, 
but the brick so made were gray and required calcining, so the furnace was 
changed to allow an oxidizing atmosphere to be used. The graphite 
resistors were enclosed behind silicon-carbide slabs which formed the side 
walls of the heating chamber, and the zircon brick were pushed through 
this chamber with iron tools. 

After pressing, the brick were air-dried, then dried on an electric heater, 
preheated to a good red heat in an oil-fired muffle, and finally passed 
through the electric furnace in about six hours, emerging into the air after 
firing at about 1600°C. To prevent breakage in pushing the partly fired 
brick over the rough floor of the electric furnace, it was necessary to place 
each zircon brick on a Carbofrax brick, and push against the latter. 
This was of course an awkward arrangement, but about fifty standard 9-in. 
straight brick were made in this way and enough good samples were 
obtained for testing. An interesting observation made at this time was 
that although the zircon brick often cracked in the earlier stages of the 
firing, they did not break or crack any more when removed from the 
furnace at a white heat, while the Carbofrax brick on which the zircon 
brick were fired invariably broke when taken out of the furnace, no matter 
what precautions were taken to cool them slowly. 


V. Electrically Fused Grog 


The first solution of the problem of securing some zircon in coarser 
particles than the ‘“‘sand’’ for grog for these brick was to fuse the sand in 
the electric arc and crush the product to the size desired. Trials with 
small briquets indicated that the best proportions of the different sizes of 
zircon were about 40% by weight of the grog crushed to pass a '/,-inch 
screen but coarser than 60-mesh, 40% of ‘‘sand,” and 20% of the ‘“‘milled”’ 
powder. Subsequent experience with variations of this formula proved 
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that no change in it was required. When the first full-sized brick were 
made in this way, using the electrically fused zircon for ‘‘grog,”’ they 
disintegrated almost completely in firing, and it was found necessary to 

¥ calcine the fused zircon in an oxidizing atmosphere to prevent the excessive 
cracking of the brick. The calcination changed its color from gray to light 
brownish yellow. It was usually carried out in a rotary oil-fired furnace 

’ for two hours at 1350 to 1400°C. This grog gave fairly acceptable brick. 
Each brick required about 6000 grams of zircon, which was moistened with 
about 260 cubic centimeters of water containing from 0 to 3% goulac as a 
temporary binder. This mix was pressed flatwise in a steel mold, using 
about 40 to 50 tons pressure. It required rather careful ramming in the 
mold before pressure was applied because it does not flow readily under 
pressure; probably a heavier pressure than was used would be better. 
After drying and firing at 1550 to 1650°C in the electric furnace as has been 
described, the brick were all more or less cracked. 

Six of the best of these brick which were sent to Mellon Institute in 
Pittsburgh for testing by the American Refractories Institute Fellowship 
gave surprisingly good results. After heating to 1550°C for 7 hours, the 
only volume change was an expansion of 0.48%. When subjected to 25 
pounds per square inch compression for half an hour at 1610°C, another 
brick showed only 0.57% deformation. The other four brick were laid up 
in a panel for the “service spalling test,’’ consisting in heating the exposed 
faces to 1550°C for 7 hours, followed by 12 cycles of heating to 1450°C for 
10 minutes and cooling 10 minutes in an air blast. This treatment caused 
considerable cracking, and after a second test, or 24 cycles of heating and 
cooling, the spalling loss was 5.3%. The porosity of the brick was given 
as 10.9%. Crushed zircon from these brick was mixed with slag and 
formed into cones whose fusion points are given in Table I. 


TABLE I 
Fusion Pornts OF ZiRCON-SLAG CONES 
Slag in mixture (%) 90 80 70 60 50 40 30 


Acid open-hearth slag (°C) 1595 1615 1620 1630 1640 1700 1750 
e Basic open-hearth slag (°C) 1100 1100 1100 1100 1220 1260 1320 
- High-iron coal ash (°C) 1240 1240 1340 1380 1400 1410 1420 


This shows that zircon resisted the acid slag well, but fused more easily 
‘ with the basic slag and the high-iron coal ash. 


VI. Firing with Oil 


Although these results were quite encouraging in their indications that 
zircon brick of high refractoriness and excellent spalling resistance could be 
made, there were still some serious problems to be solved. One of these 
was the occurrence of firing cracks in the brick, which persisted in spite 
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of all precautions; another was the maintenance of a furnace which 
would operate at the high firing temperature required. It soon became 
doubtful whether a graphite-resistor furnace of the type described above 
could be operated commercially at the high temperature required, on 
account of the difficulty in maintaining the resistor with an oxidizing 
atmosphere in the working chamber. Firing of the brick was tried in the 
oil-fired furnace used for zircon molds. The results after firing in this 
furnace to about 1550°C or 1600°C were fairly good, so the electric furnace 
was definitely abandoned, and firing by oil was adopted for all future 
work. A rate of temperature increase of about 100°C per hour was found 
to give just as good results as slower rates, so that schedule was generally 
adhered to in most of the work with shapes of about the size of a 9-inch 
straight brick. 

In the furnaces which were used, the oil flame was directed against a 
baffle wall which served to deflect it above the work being fired. The 
flue outlet to the stack was placed close to the floor at the opposite end of 
the working chamber from the baffle wall. The first furnace was lined 
with Carbofrax which served well until surface oxidation had progressed 
so far that the impure silica scale which was formed kept dripping on 
all the brick that were being fired. By that time a sufficient number of 
zircon brick had been accumulated so that a zircon roof, side walls, and 
baffie wall could be installed, and there was then no more trouble with any 
drip from the roof or sides. 

VII. Binders 

Many experiments were carried out with various binders, with changes 
in the proportions of the different sizes of zircon grains, and with slower 
rates of firing, in an effort to overcome the firing cracks, but with no 
consistent success as long as electrically fused grog was used. Although 
this kind of grog had to be given up eventually, some results of the tests of 
brick in which it was used might be of interest as evidence regarding the 
effects of binders. A paper by Marcel Seillan* was brought to the writer’s 
attention about this time, in which the use of 0.5% dextrin and 0.25% boric 
acid was suggested for bonding zircon. This proved to give as good final 
results as anything which was tried. The suggestion of caustic soda, as 
previously credited to Dr. Watson,' was also tried with fair results. 
Goulac as noted above was likewise acceptable, but chlorides and other 
chemicals were not found to offer any advantage. ; 


VIII. Tests of Zircon Brick 


Some zircon brick fired to about 1550°C with oil fuel were tested at 
Mellon Institute for comparison with the electric furnace product described 


“a “Les Matériaux Réfractaires 4 base de Zircon,” Chaleur & Ind., 8, 
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above. The zircon mix used was practically the same in all, except that 
sintered grog instead of electrically fused was used in two lots. Different 
binders were used as noted. The results are given in Table IT. 


TaBLeE II 
Grog used Fused Fused Sintered Sintered 
Binder used Dextrin and Caustic soda Dextrin and Caustic soda 
boric acid boric acid 

Load test (25 Ib. / 

sq. in.) failed at 1550°C 1600°C 1500-1575°C No failure 
Deformation at 

1600°C Sheared Sheared 2.2-3.3% 1 to 2.4% 
Shrinkage after 7 

hr. at 1550°C 0.00% Not determined Not determined 
Expansion after 7 

hr. at 1550°C 0.3% Not determined Not determined 
Service spalling test No loss No loss No loss Not tested 
P.C.E. Above cone 38 Above cone 38 Not determined Not determined 


The load test results for the brick with sintered grog and dextrin-boric 
acid binder were obtained on several lots of brick, some probably fired 
hotter than others; some failed to stand the load at the temperatures 


Fic. 1.—Coudition of two zircon brick made in a tunnel kiln after two 
service spalling treatments at Mellon Institute. 


noted, while others stood the load with the deformations as given. This 
explains the apparent contradiction at this point in the table. The results, 
compared with those mentioned previously, show that the oil-fired brick 
were not quite so good as the electric-fired in the load test, but better in 
spalling resistance, and that the caustic soda binder seemed to improve the 
load test results somewhat. Because of the known effect of soda as a 
powerful flux, however, and the difficulty in controlling it closely, caustic 
soda was not adopted as the standard binder for zircon brick of maximum 
refractoriness. 


| 
> 


COMSTOCK 


IX. Sintered Grog 


The discovery that electrically fused grog was the cause of the persistent 
firing cracks led to the abandonment of that material and the use in its 
place of a sintered grog obtained by crushing zircon brick made without 
grog and fired to the sintering temperature or as hot as possible with oil fuel 
(about 1600°C). In crushing this sintered grog through a '/;-inch screen 
it was found that more fines were produced than with the harder fused grog, 
and the accumulation of these fines through 60-mesh, which at first were 
rejected, became serious. To avoid this waste, the plan was adopted of 
using the grog fines in the brick mix in place of some of the zircon sand, 
so the formula for the standard mix was changed to 50% grog through 4- 
mesh including fines, 30% refined zircon sand, and 20% refined milled 
zircon. This mix gave good results and was adopted as standard, but 
required a little more liquid to moisten it to the proper consistency for 
pressing, or about 300 cubic centimeters per 6000 grams of zircon mix. 

The use of the sintered grog made a marked improvement in the brick 
for not only was the cracking in manufacture greatly decreased, but the 
deterioration of the brick in service was checked. This deterioration was 
not shown by any tests to which the brick were subjected, but appeared in 
the furnaces where the early zircon brick were used after many heatings 
and coolings. It took the form of a permanent expansion and crumbling or 
separation of the grains of the brick, so that eventually they simply dis- 
integrated. The brick made from sintered grog are entirely free from this 
defect. The troubles, both with cracking and disintegration, from the 
fused zircon are probably due to the decomposition of the zirconium silicate 
compound in fusion so that free silica and zirconia are formed, these oxides 
being subject to permanent volume changes which are not found in the 
undecomposed silicate. The decomposition has not been found to occur at 
temperatures below the fusion point, which is probably about 2000°C. 


X. Tunnel Kiln 


To obtain enough zircon brick for service trials in a reasonably short 
time, a small tunnel kiln furnace was built to have an output of about 120 
nine-inch straights per day. It was fired by two oil burners, each com- 
bustion chamber being placed at one side of the zone of maximum tempera- 
ture, and the cooler parts of the furnace were heated by the waste gases, 
the stack being at the cold end where the brick entered. The maximum 
temperature planned for and reached was 1620°C. The brick entered 
from a continuous drier at about 250°C. The furnace was 25 feet long, 
and the car tops were about 10 inches wide and 21 inches long, one car being 
pushed in and one out each hour. The hottest zone was about 22 feet 
from the cold end, or close to the exit end of the furnace, so that the brick 
and cars came out very hot. This did no harm to the zircon brick, as they 
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never cracked from rapid cooling, but it was too hard on the cars which, 
to save weight and expense, were made of zircon only at the top. A cooling 
chamber about 6 feet long was therefore added at the hot end of the furnace 
to permit more gradual cooling of the cars, and this resulted in their having 
to be rebuilt less frequently. 

The hotter parts of this furnace were lined with Carbofrax, except the 
two baffle walls which were zircon. These refractories have served well, 
but there has been some trouble with drip from the roof which can be 
eliminated by rebuilding the roof with zircon brick. The outside of the 
furnace is thoroughly insulated. The temperatures through the cooler 
part of the tunnel are regulated by by-passing the waste gases into upper 
flues, and this arrangement, which was suggested by engineers of the 
Carborundum Company to whom we are indebted, has worked very well. 


XI. Production of Larger Shapes 


Besides the machine-pressed zircon brick, many hand-rammed shapes 
have been made successfully. Shapes approximating an 8-inch cube, with 
straight or curved sides, and slabs or tile up to 18 by 9 by 2'/2 inches, as well 
as numerous irregular special forms of smaller size, have been turned out 
without excessive trouble. These of course were mostly rammed by hand 
in wooden molds, and required rather skilful and careful handling to avoid 
cracks before and during drying. The zircon mix for ramming is the same 
as the mix for pressed brick: 50% sintered grog crushed through 4-mesh, 
30% refined-zircon sand, and 20% refined milled zircon. This has been 
used not only for shapes to be fired in the tunnel kiln, but for furnace 
linings to be rammed in place and dried and fired by the regular furnace 
heat. Binders of various kinds were required for these purposes according 
to the conditions to be met, but they were invariably applied in the water 
solution with which the mix was wet. 

The dextrin and boric acid binder that was found to give the best results 
in pressed brick was difficult to use in large hand-rammed shapes, for it did 
not give sufficient green and dry strength to facilitate handling and to allow 
sharp edges to be preserved. The addition of goulac (dry) or lignin (syrup) 
was therefore adopted for the difficult shapes, and apparently good results 
were obtained. Tests of various amounts and proportions of these ma- 
terials indicated that the following: solution was most satisfactory to 
facilitate production: 

For 250 pounds of dry standard zircon mix, take 4 liters of water solution 
containing 20% goulac and 5% boric acid, by weight, mixed with 2 liters of 
lignin syrup. 

Later it was found that crushed shapes in which this binder was used 
could not be added as grog in a subsequent mix without impairing the 
spalling resistance of the product, probably because of lime acquired from 
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the goulac and lignin, which gave on analysis about 6% of lime and mag- 
nesia. Thus these materials must be used cautiously, and the lime content 
must not be allowed to accumulate in the mix by re-use of the material 
with additional binder. 

None of the zircon brick or thick shapes made with any of the binders 
that have been mentioned and fired at about 1620°C for an hour (with 
heating at 100°C per hour up to that temperature) showed appreciable 
shrinkage. The molds used were always natural size, and the dimensions 
of the finished shapes were correct. One exception was a ring about 10 
inches in outside diameter with about a 5-inch internal diameter and a 
thickness of 1 inch. Owing to the thinness of this shape and the central 
hole, it shrank about '/; inch in diameter in firing at 1600°C. Perhaps the 
thicker shapes might also have shrunk slightly if they had been held at 
1600°C longer than an hour. 


XII. Zircon Cement 


For rammed-in zircon furnace linings, sodium silicate solution of about 
1.3 specific gravity makes a convenient binder as it sets hard on air-drying. 
The refractoriness of this mixture is ample for most purposes, the pyro- 
metric cone equivalent being about cone 34, which means a softening point 
around 1750°C. This binder is also good for zircon cement, a mixture of 
70% refined zircon sand and 30% milled refined zircon. For higher re- 
fractoriness, a binding solution containing 10% sodium chloride and 7% 
goulac in water may be mixed with the cement, and this is the standard 
form of cement that has been used for laying zircon brick in our furnace 
construction. The goulac gives strength at low temperature, and the salt 
at higher temperatures; most of the salt is volatilized at temperatures 
which cause zircon to bond itself. This cement sets quite hard at a good 
red heat, has negligible shrinkage, and does not soften or become sticky 
even at 1700°C. If the highest possible refractoriness is desired, without 
the presence of any soda or lime'to act as fluxes, a plain dextrin solution in 
water may be used to moisten the cement. 


XIII. Strength and Quenching Tests 


In experimenting with binders and variations in the mix, it was of course 
advisable to have some way of testing the quality of the products besides the 
mere observation of the appearance after firing. The scheme which was 
developed for securing rapid results at small expense was to make trans- 
verse tests of brick flatwise at room temperature on supports 7 inches 
apart, and to quench the half-brick so obtained in cold water from about 
1300 to 1350°C. Usually the quenching tests were made on four or five 
samples of different brick at the same time. They were placed upright in 
the hot furnace and held for half an hour; then each one was taken out and 
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submerged in a separate pail of cold water and another series of samples 
placed in the furnace. The samples were kept in the water about five or 
ten minutes and then dried in the air until the other series was quenched, 
when they were replaced in the hot furnace. This was continued until all 
but one or two of the samples had broken into numerous pieces. Cracking, 
or the breaking of a small piece off a corner or edge, was not considered a 
failure. This method of course gave much quicker results than the stand- 
ard spalling tests that have been developed for clay brick; and the results 
on duplicate samples checked closely, so that it was thought to be a reason- 


Taste III 
No. 

Trans- of quench 

Firing verse on which 

temp. breakin: failure 

Kind of brick Binder Cech load (ib) occurred 

Zircon with fused grog Dextrin and boric acid 1555 850 3 
Caustic soda 1555 1330 Over 4 

Cove “ sintered grog Dextrin and boric acid 1555 3520 Over 6 
ae oe oe oe 1630 3510 4 

r Caustic soda 1545 3242 4 

1610 5302 + 

. Sodium silicate 1560 2242 4 

Goulac and lignin 1630 3834 7 

“ half old-brick grog — 1630 4409 5 

Dextrin and boric acid 1630 3748 Over7 

“ 8% aluminum chloride Oil binder 1620 2620 3 

“ 5% magnesia Dextrin 1600 2 

* no grog Ammonium phosphate 2 

* sintered grog Dextrin and boric acid ay 3470 5 

? 

Fireclay brick (Elko Special) 1925 4 
High alumina clay (Corundite 371-A) 2820 4 
Kaolin (B. & W. No. 80) 901 4 
Fused alumina (Alundum) 4384 2 
Periclase (Magnesidon) 3056 2 
Sillimanite (Taylor) 2968 5 
Mullite (Vitrefrax No. 72) 1389 8 
Silicon carbide (Carbofrax) 6760 5 


ably reliable test, at least for comparison, between different kinds of zircon 
brick. It was tried also on various refractory brick received from other 
manufacturers, and some representative results are shown in Table III. 
It will be noted from this table that many of the zircon brick were not 
tested to failure, so that the quenches endured can be reported only as 
exceeding a certain number. This is because the tests were continued only 
long enough to establish the superiority of one sample over the others 
tested and not to determine an absolute value for each sample. The tests 
on different days were not always made in exactly the same way, since 
different operators did not use the same care in handling the hot samples 
or quench them at exactly the same speed. Variations between brick 
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supposed to have been made in the same way appeared also to have been 
due to differences in the care used in distributing and packing the mix in 
the mold before it was pressed, since it does not flow readily under pressure. 

It was concluded from the 
results of these tests that the 
zircon brick with sintered grog 
and the dextrin-boric acid 
binder were superior in spall- 
ing resistance to other com- 
monly used refractories. The 
mullite brick were the next 
best, but they were weaker 
and less refractory. After 
heating to the firing tempera- 
Fic. 2.—Half of a first-quality, hard-frea "T¢ of the zircon brick, the 


Pennsylvania fireclay brick (at left) and half spalling resistance of the mul- 
a zircon brick (at right) after four quenches in lite samples was much less. 


cold water from 1350°C. 

It appeared that the goulac- 
lignin binder which facilitated the manufacture of shapes could be used 
with reasonably good results, but, as stated above, the grog from 
broken shapes of this kind was 
dangerous to use on account of 
the accumulation of lime in it. 


XIV. Service Trials 


These zircon brick have 
been tried in practical service 
in several places with good 
results except where they 
came in contact with metallic 


oxides or strongly reducing Fic. 3.—Rear wall of an oil-fired boiler fire- 
. + box, one-fourth of which was built of zircon 
atmospheres at high tempera- ji, after failure of the firebrick portion 


ture. Unfortunately many of (above and at the left). The entire wall was 
these tests are not available ¢¥ @t the same time and was subjected to 
identical service. 

for publication. In oil-fired 

boiler settings or heating furnaces, where heating and cooling are rapid, 
zircon brick have served better than other refractories in lasting quality and 
resistance to fusion at high temperature. Trials in melting furnaces have 
in some instances shown equally satisfactory results, while in others no 
suceess was achieved with zircon on account of slagging by metallic oxides 
or basic fluxes. Contamination by such slags not only lowers the softening 
point of the surface, but also impairs the resistance to spalling. Formation 
of coke on the brick from a reducing oil flame may cause serious spalling, 
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and in highly reducing electric furnace atmospheres zircon may decompose 
and crumble. 


XV. Properties of Zircon Brick 


At a well-known ceramic research laboratory, some of the physical 
properties of our zircon brick were determined. The author is indebted 
to this laboratory as well as to the Bureau of Standards for the values 
given. 


(1) Thermal Thermal conductivity was determined as 0.0040, 0.0049, 
Conductivity and 0.0075 gm.-cal. per cm.,* per deg. C per sec. This 
compares with about 9.0035 for fireclay brick and 0.036 
for Carbofrax. The temperature increase outside a zircon wall of a fur- 
nace was found to be about the same as outside a fireclay-brick wall, and 
of course was much less than with silicon ‘ee 
: Porosity was about 26%, or roughly similar to most 
(2) Porosity refractories. 
(3) Specific Specific gravity of zircon was 4.6; that of the brick, 
Gravity about 3.5; their'density, according to the wetness of the 
mix and thoroughness of ramming or pressing, varied 
from about 0.118 to 0.123 Ib. per cu.in. Thus a standard nine-inch straight 
brick weighs usually about 12 pounds. 
, Coerficient of expansion was determined as 0.0000045 
®. ce in. per in. per deg. C up to 1400°C. This compares 
— with 0.0000054 for mullite, 0.0000124 for chrome 
brick, and 0.0001 for silica brick. , 
The modulus of rupture at room temperature is 
aa generally about 750 Ib. per sq. in.; determined at 
1350°C in a reducing atmosphere it was 50, and at 
1500°C, 33 Ib. per sq. in. In an oxidizing atmosphere the strength at high 
temperature should be higher. 
(6) Spalli Besides the service spalling tests at Mellon Institute and 
Resi — . the water-quenching tests of the writer, tests have been 
made by the more common method of air-quenching the 
heated ends of single brick. At the laboratory where this was done, a life 
of 20 cycles was considered satisfactory, and a loss of about 25% was taken 
to constitute failure. Zircon brick made from our mix have shown lives of 
31, 70, and 100 cycles, respectively, in this test. 


XVI. Light-Weight Zircon Brick 


In view of the need for a good heat insulator having the refractoriness 
and spalling resistance of zircon, some experiments were carried out on 
methods for making the zircon brick more porous so as to decrease their 
thermal conductivity. Such a process, if successful, should also decrease 
the cost of the brick by making a given weight of zircon go farther. 

The first method investigated was mixing Sil-O-Cel powder or Sil-O-Cel 
and sulphur with zircon to increase the refractoriness of the former or the 
insulating value of the latter. With 15 to 25% Sil-O-Cel, the brick would 
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stand firing at not over 1400°C without excessive shrinkage. These 
samples were made about 1'/, inches thick, and were tested roughly by 
measuring the rate of temperature rise of a thermocouple placed at one 
side of the sample when an electric heating coil was at the other side. 
Other samples were tested at the same time for comparison, including 
Carbofrax brick, fireclay brick, Sil-O-Cel, and two other heat insulators. 
It was surprising to find that the zircon-Sil-O-Cel mixtures turned out 
apparently to be almost as efficient heat conductors as the Carbofrax 
sample, and not even as good insulators as fireclay brick. 

Later a number of trials were made to find a way of making a lighter 
weight zircon brick by mixing sawdust, finely ground coke, or some volatile 
salt like ammonium chloride with the zircon mix. Some briquets about 
2 inches square by 1 inch thick, in which sawdust constituted one-third of 
the volume, came out well after firing, but there was little success 
with brick of standard size. The latter were pressed with only about ten 
tons on the flat side of the brick so as to leave them as porous as possible. 
With no grog in the mix, and goulac, dextrin and boric acid, or caustic 
soda binders, there was too much cracking in drying and firing. Better 
results were obtained with grog in the mix, and by using either dextrin or 
linseed oil as a binder. But even these samples seemed too friable after 
firing and had very poor spalling resistance. Coke dust was of no value in 
place of sawdust, since it created a reducing atmosphere inside the brick in 
firing, and produced swelling and cracking. Ammonium chloride was also 
useless, since it invariably caused serious drying cracks. Sodium chloride 
was not sufficiently volatile and fluxed the brick. Too much boric acid also 
remained in the brick if added in quantity. Aluminum chloride, however, 
was much better, and good brick could be made with about 8% of it by 
weight, using an oil binder that weighed only about 9'/: pounds instead of 
12 pounds. A water binder did not give good results with this mix. To 
reduce the expense of linseed oil, it could be diluted with 25% kerosene and 
25% gasoline, but even so the cost of such brick was not very much lower 
than that of the standard zircon brick, in spite of the saving in zircon. 
Furthermore, the spalling resistance of the brick made with aluminum 
chloride was found to be poor, as noted in Table III. Hence this line of 
work was abandoned and the lighter porous brick were not tested for 
thermal conductivity. 


XVII. Steel-Ladle Nozzles 


An application of zircon in ladle nozzles for steel pouring showed con- 
siderable promise. The clay nozzles generally used are not of high re- 
fractoriness, and the surface exposed to the stream of molten steel melts and 
erodes more or less. The erosion of the nozzle surface causes the stream to 
be spattery, giving scabby ingots, and the melting of the clay causes drops 
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of it to run into the ingot with the steel, producing “‘slag inclusions” in 
the metal. Both these troubles could be avoided by using more refractory 
nozzles; it was therefore decided to try making some of zircon. 

The first zircon nozzles were made when electrically fused grog was being 
used. They were pressed in heavy steel molds from the regular zircon 
brick mix with the dextrin and boric acid binder, dried slowly, and fired on 
their sides at a rate of about 60°C per hour to 1535°C. They showed some 
surface cracks, but these were patched up with zircon cement, and the 
nozzles were sent to two steel plants for trial. Both gave excellent results. 
One was used for a rather large heat of acid open-hearth steel and was 
reported to have shown no erosion; the other served for twice as many 
Bessemer steel heats as good clay nozzles would stand. Another nozzle of a 
similar mix, except that the grog was from old zircon brick, was tried for a 
100-ton heat of basic open-hearth steel and showed decidedly less erosion 
than clay nozzles. But a fourth nozzle, in which electrically fused grog of 
higher silica content was used, gave very poor service with basic steel. 
One was then made entirely of electrically fused zircon, 20% of the mix 
being finely milled, but this also was reported to be no better than clay 
nozzies. 

A 2-inch nozzle made of a zircon mix similar to that used for the first two, 
but bonded with caustic soda to give a stronger though possibly less 
refractory mass after firing to 1500°C, gave fairly good results with basic 
intermediate-manganese steel which is very hard on refractories. A nozzle 
made similarly but without grog cracked too much in firing and could not 
be used. This was crushed for grog and used in that form to make another 
nozzle, also bonded with caustic soda, which gave encouraging results. It 
seemed that firmness of bond was more essential to prevent erosion in 
service than a very high softening temperature. The incorporation of a 
little crude zircon in the mix was also tried for strengthening the bond, but 
this caused a tendency toward shrinkage and cracking in firing so that 
caustic soda with the refined zircon’ mix was preferred. 

A number of 1'/:-inch nozzles were made for use with a specially high- 
grade alloy steel melted in basic electric furnaces. The grog for this mix 
was made of 50% refined zircon sand and 50% refined milled zircon 
bonded with a water solution containing 6% caustic soda and 10% dextrin. 
This was pressed, fired at about 1520°C in the tunnel kiln, and crushed 
through a '/;-inch screen. The nozzles were made of a mix consisting of 
50% of that grog, 30% refined zircon sand, and 20% refined milled zircon, 
using for binder a water solution containing 5% caustic soda and 10% 
dextrin. The final mix probably contained about 0.2% soda. These 
nozzles were fired through the tunnel kiln at about 1480°C and came out 
very well. At one large steel plant where a few were tried, they were well 
liked, but at another plant it was reported that on account of their high 
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thermal conductivity they chilled the steel too much, causing solidification 
around the end of the nozzle. This trouble was not reported at any other 
plant, and it is rather hard to understand why it could not be overcome by 
heating either the ladle or the steel a little more. 

On account of the expense of making these zircon nozzles in our small 
plant, their manufacture was given up, but if the cost could be lowered 
by larger scale operations, it would seem that a superior nozzle of this 
material might be made available. The firing temperature required with 
the caustic soda binder that was found suitable for this purpose does 
not seem to be too high for many kilns. 


XVI. Slag Resistance 


In attempting to find locations where zircon refractories could be used 
with the best chance of success, a good many slag tests were made in our 
laboratory by various methods. The first method, used at the beginning 
of our work with zircon, involved the formation of small briquets of the 
zircon mixtures to be tested and their immersion in fused slag for a given 
time. The appearance of the briquets after this treatment showed how 
they resisted the slag. It was determined in this way that the addition of 
neither alum:na nor chrome cement increased the resistance of zircon 
appreciably to basic open-hearth slag, but that a dense and sound briquet 
gave the best results. 

Later, the method of lining clay crucibles with various kinds of zircon 
cement was used to investigate the resistance to fused copper oxide. 
Zircon with such binders as iron oxide, borax, lime, cement, etc., was not 
suitable for this purpose, but zircon-alumina mixtures gave promise of 
somewhat better service than magnesite, the usual refractory for copper 
oxide. The results were not sufficiently better, however, to warrant the 
higher cost of using the zircon-alumina mixture in place of magnesite for 
holding copper oxide. 

Numerous tests were made to determine the fusion points of cones 
pressed from mixtures of zircon with slags in different proportions, on 
the same plan as the Mellon Institute slag tests which have been described. 
In this way the good resistance of zircon to acid open-hearth slag was 
confirmed, though it was found to flux basic open-hearth slag almost as 
well as silica does. Thus the statement sometimes seen in the literature 
that zircon is a neutral refractory, resisting both acid and basic slags, is 
certainly incorrect. Trials were also made with a high iron boiler-furnace 
or coal-ash slag, ‘‘anode slag’’ and ‘‘wirebar slag’ from a copper refinery, 
an enamel frit containing cryolite and borax, and an acid Bessemer slag. 
With the first three mentioned, sillimanite and fire clay gave better results 
than zircon, showing more resistance to fusion when mixed with the slags. 
A fireclay crucible was less damaged by the enamel frit after nineteen melts 
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than a pure zircon crucible. The results with the Bessemer slag were 
somewhat more favorable, and the softening points of mixtures of this slag 
with zircon with two different binders and with a sample of nozzle-brick 
clay are given in Table IV. 


TABLe IV 
SOFTENING Pornts OF CONES WITH AcID BESSEMER SLAG 
Slag in mixture (%) 90 70 50 30 
Zircon with dextrin-boric acid binder (°C) 1525 1480 1525 1525 
Zircon with caustic soda binder (°C) 1470 1490 1460 1470 
Nozzle-brick clay (°C) 1470 1320 1300 1320 
Zircon to check Ist series No cones down at 1525°C 


Although there are some discrepancies in this table, it seems to indicate 
that the clay used for this steel ladle nozzle was not very refractory or 
resistant to acid slag, and that the zircon with caustic soda binder, although 
better than the clay and therefore of sufficient slag resistance for nozzles, 
was inferior in this respect to the zircon with our standard dextrin and 
boric acid binder. 


XIX. Zircon-Bonded Magnesite Brick 


Since one of the most important commercial applications of the zircon 
shapes, which were produced in our tunnel kiln, took the form of a lining 
for a large induction furnace to melt cast iron, and the chief trouble with 
this lining was lack of resistance to iron oxide at the slag line, it became of 
interest to try to improve the resistance of zircon to this oxide. Acting ona 
suggestion from H. M. Kraner of the Westinghouse Electric and Manu- 
facturing Company, magnesia mixed with zircon was tried. It was found 
that the resistance to iron oxide was indeed improved but at the expense 
of a marked decrease in refractoriness and the development of serious 
shrinkage in firing. To avoid these troubles, the addition of magnesia 
(electrically fused and powdered) was kept down to 2.5% and the firing 
temperature was 1475°C. The improved resistance to iron oxide of this 
mix, as compared with straight zircon, was very slight by our tests. Al- 
though satisfactory lining service was reported for these shapes, this may 
have been due largely to greater care in preventing the oxidation of the 
iron charge that was melted. 

It was learned from a paper by Rees and Chesters* that with much 
larger proportions of magnesia than had been tried, a more refractory 
compound was formed, with expansion of the mix instead of shrinkage on 
firing. This led to a long series of experiments with various mixtures of 
zircon with different forms of magnesia and magnesite. The commercial 
dead-burned magnesite of low-iron content could be used in this connection 


*W. J. Rees and J. H. Chesters, “A Preliminary Investigation of the Magnesia- 
Zircon Series,’’ Trans. Ceram. Soc. [Eng.], Commemoration Vol., p. 309 (1930). 
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at quite a saving in cost over the more pure electrically fused magnesia. 
The object of the work was to find the best proportions and combinations 
of sizes of magnesite and zircon to give a brick of good resistance to iron 
oxide and basic slag, having as little permanent volume change as 
possible on heating to high temperature and the best possible spalling 
resistance. All the details of the tests will not be given, but it might be of 
interest to outline some of the conclusions. 

It was soon found that a dense, fine-grained brick of the zircon-mag- 
nesite mix had poor spalling resistance, as was the case with plain zircon. 
Since magnesite could readily be obtained in coarse grains (4-mesh), it was 
obvious that considerable expense would be saved by using magnesite as 
the coarse part of the mix and by incorporating zircon only in the fines. 
But no good product of negligible volume change could be made with zircon 
either milled or granular mixed directly with magnesite. The best product 
resulted from making first a rather fusible binder of zircon with a fairly low 
percentage of magnesia, heating this almost to fusion, then milling and 


s | Fic. 4.—Expansion of mixtures of refined zircon sand 
| | and low-iron dead-burned magnesite milled through 100- 
mesh. Measured on a gage length of 4.5 inches on the 
¢ . upper side of specimens 1 by 1.25 inches in section, 
fA ty after firing horizontally at the four temperatures noted. 
3, AD Separate specimens were used for each temperature. 
a2 They were bonded with lignin solution in water and 
a oe ee pressed with about 15,000 pounds per square inch. 
Low dead: burned magnesste in mature % 


using the powder to bond the coarse grains of dead-burned low-iron mag- 
nesite. Crude zircon was not acceptable in this mix, and neither was the 
ordinary grade of magnesite with 7 to 8% of iron oxide, on account of low 
refractoriness and excessive shrinkage. The temporary binder used was 
half lignin syrup and half water, as the small amount of lime contained in 
the lignin was not perceptibly detrimental to the zircon-magnesite mixture. 

The exact proportions of the ingredients of this mix were designed to give 
a negligible firing shrinkage. This could be arranged in spite of the un- 
avoidable shrinkage of the dead-burned magnesite, because, as was shown 
by Rees and Chesters, some of the zircon-magnesite mixtures expand on 
firing, and this expansion could be used to balance the normal shrinkage of 
the coarse magnesite. The results of some of our expansion tests are shown 
in Fig. 4. The test bars for these experiments were pressed from refined 
zircon sand and low-iron dead-burned magnesite milled through 100-mesh 
to a shape about 1 by 1'/, by 5'/, inches. The expansion after firing to the 
four temperatures noted, between 1370°C and 1540°C, was measured on a 
gage length of 4'/: inches. The maximum expansion occurred with 30% 
magnesite at 1480°C and with 35% magnesite at 1540°C. Shrinkage 
occurred at about 1500°C with 15 to 20% magnesite or with over 80% 
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magnesite. The former mix began to fuse at about that temperature, 
while the latter remained hard. The expanding mixes with 40 to 60% 
magnesite were refractory at even 1650°C but their spalling resistance 
was poor, and the resistance to iron oxide increased with the percentage 
of magnesite. 

For the comparatively fusible bond used in powdered form in the zircon- 
magnesite mix which was finslly adopted as standard, 20% magnesite to 
80% zircon was found to be a satisfactory proportion. A batch of refined 
zircon sand was first milled with an equal weight of low-iron dead-burned 
magnesite until all would pass a 100-mesh screen; 40% of this was mixed 
with 60% of refined zixcom sand, moistened with dilute lignin, and pressed 
into brick which were fired at 1500°C, then crushed and milled through 
100-mesh. The mix for the zircon-bonded magnesite brick was then 
made up of 30% of this bond, 60% low-iron dead-burned magnesite 
crushed through 4- 
mesh but on 20-mesh, 
and 10% of the same 
milled through 100- 
mesh. This mix was 
moistened with dilute 
lignin and pressed into 
brick with 40 tons 
pressure on the flat 


side. The brick were Fic. 5.—Half an ordinary magnesite brick (at left) and 
dried and fired half a zircon-bonded magnesite brick (at right) after 


through a tunnel kiln The pieces of the 
at the same rate used 

for plain zircon, but only to about 1480°C. The product was coarse- 
grained and rather friable, but the shrinkage was negligible and other 
properties were of considerable practical value. 

Although rather weak in transverse strength at room temperature, the 
modulus of rupture averaging about 215 pounds per square inch, the 
strength has been found to be better than that of plain zircon at 1350°C, at 
which temperature the modulus of rupture was about 100 pounds per 
square inch. The porosity was about 32%; specific gravity, about 2.6, 
a nine-inch straight brick weighing’ about 9 pounds. When heated to 
1650°C, a zircon-bonded magnesite brick shrank only 0.7%, while a com- 
mon magnesite brick shrank 3% and cracked. In spalling tests, where a 
half brick was heated in the furnace at 1200 to 1250°C and cooled in an air- 
blast, these brick stood about four quenches or three after being heated to 
1650°C, while a common magnesite brick cracked badly at the corners at 
the first cooling, and a German periclase brick stood only one or two cycles. 
In an air-spalling test at another laboratory, where only the ends of the 
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brick were heated and cooled, our zircon-bonded magnesite brick averaged 
20% loss in 21 cycles, while common magnesite brick lost 100% in 3 cycles. 

In slag resistance, the zircon-bonded magnesite brick are almost as good 
as common magnesite. A method that was found to be convenient for 
checking the comparative resistance of samples to iron oxide was to lay a 
disk of cast iron '/, inch thick and 1'/, inch in diameter on the flat side of 
each sample which was generally a half brick, and heat a number of these 
with an oxidizing oil flame to about 1580°C. The iron was almost com- 
pletely oxidized, and the penetration of the oxide was observed by breaking 
the samples after cooling. The penetration in standard zircon-bonded 
magnesite brick, containing 24% zircon, was about '/; inch, or very little 
more than in common magnesite, but it increased in brick containing more 
zircon. With basic open-hearth slag applied in the same way at a de- 
pression cut in the sample, the penetration was practically the same as in 
magnesite, appreciably less than in a German periclase brick, and very 
much less than in a mullite brick. The zircon-bonded magnesite brick 
have given good service in certain applications, the details of which are 
unfortunately not available. They do not, however, stand acid slags well 
at high temperature. 


XX. Zircon-Bonded Magnesite Cement 


The author’s work in developing an inexpensive cement for use with 
these brick might be described briefly. The start was made by simply 
mixing fine low-iron dead-burned magnesite with the standard zircon 
cement, 70% granular and 30% milled. Taking 60% magnesite and 40% 
zircon cement, a good result was obtained using sodium silicate as binder, 
but not so good with goulac or clay. The cement samples were tested by 
joining two pieces of brick with them, and observing the joint, as well as a 
small hand-formed cone, after drying at about 150°C, after heating to 
700°C, and finally after firing to about 1600°C. If the joint held well 
at each temperature and did not crack, and if the cone was hard and not 
shrunk, the cement was considered acceptable. 

Numerous tests of mixtures of different proportions and kinds of fine 
magnesite and zircon were made in this way, and it was found that, other 
things being equal, the firing shrinkage of such mixtures as are described 
above tended to be increased by using too much milled zircon or too much 
dead-burned magnesite, while the expansion was increased by granular 
zircon or electrically fused magnesite. The cement which seemed to give 
the best results in regard to freedom from cracks, lack of shrinkage, and 
strength of joint, was composed of 25% by weight of refined zircon sand, 
10% milled zircon, 15% electrically fused magnesia through 200-mesh, and 
50% low-iron dead-burned magnesite through 100-mesh, bonded just 
before using with sodium silicate solution of 1.3 specific gravity. No 


| 


| 

JS 

i 


ZIRCON AND ZIRCONIA TESTS 31 


binder that'could be compounded with the dry cement, such as clay, goulac, 
or bentonite, was found to give as good results as sodium silicate solution. 

For making rammed-in furnace linings of the zircon-magnesite mixture, 
this cement can be used with equal parts by weight of the brick (crushed 
through 4-mesh) and the same sodium silicate binder. Such linings serve 
well for melting iron alloys under oxidizing conditions or wherever a basic 
refractory lining of negligible volume change is needed. Usually a less 
expensive form of grog, made by direct firing of a zircon-magnesite mixture 
containing 25% zircon to 1600°C, is used in this mix for ramming. 

XXI. Mixtures of Zircon with Silicon Carbide or Alumina 

A few experiments on mixtures of zircon with other refractories were 
conducted, but without as interesting results as with magnesite. Up 
to 30% zircon was incorporated in a silicon-carbide mix with the hope of 
improving the resistance to spalling and to oxidation at high temperature, 
but the anticipated improvement did not materialize. Zircon-alundum 
mixtures were made containing 10 to 80% alundum of various sizes, and 
good brick that fired well at 1600°C were produced without trouble, but 
their properties were not exceptional. The spalling resistance was poor, 
as is typical of alundum brick, and the resistance to iron oxide was much 
worse than that of the zircon-magnesite mixtures. The addition of 
alundum to the latter mixtures reduced the refractoriness. No encourage- 
ment was found for the use of zircon in alundum refractories. No research 
was conducted on mixtures of zircon in small amounts in clays, as, owing to 
its siliceous nature in slag-forming reactions and the bad effect of clay on 
zircon, the chances of the expense of zircon being warranted in this applica- 
tion did not appear promising. 

XXII. Zircon Crucibles 


One other rather extensive branch of this work on zircon refractories 
remains to be described, and that is the development of zircon (and zir- 
conia) crucibles for melting platinum and similar alloys that are injured by 
melting in graphite. Basing the first trials on reports in the literature 
regarding clay for bonding crucibles and on our own experience with the 
poor plasticity of zircon mixtures, various clays, kaolin, cement, sillimanite, 
etc., were tried but the refractoriness and spalling resistance of all such mix- 
tures with zircon were found to be poor. These crucibles were all pressed in 
steel molds, using about 25,000 to 50,000 pounds pressure for a 3-inch cruci- 
ble. The crucible was pressed upside down, the pressure being applied on 
the base; after pressing, the outer part of the mold was lifted off, leav- 
ing the crucible on the inner part. AA stiff, tight-fitting paper cup, made of 
the same material used for heavy drinking-cups for hot liquids, was then 
placed over the crucible, it was turned over, and the inner part of the mold 
carefully twisted out. The paper cup prevented breaking of the crucible 
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during this operation, and was burned off in the furnace when the crucible 
was fired. A rather light crude oil, or fuel oil, was found best for lubri- 
cating the steel mold so the wet crucible would not stick to it and break. 
This practice, which has been quite successful, was developed after many 
trials of different procedures which failed. Although much time was 
wasted in trying, the author had no success in making good zircon or 
zirconia crucibles by slip casting, as has been done by others. 

Tests of the zircon crucibles soon showed that for best refractoriness and 
spalling resistance they should be made without any clay or other perma- 
nent binder except the milled refined zircon. Our standard crucible mix 
then became the same as the zircon cement, or 70% granular refined zircon 
and 30% milled, and a 5% dextrin solution as binder was generally used. 
Although a fair product was made by firing to 1500°C or 1600°C, firing to 
about 1730°C gave a worth-while improvement in strength. At first 
oxygen was used in the oil flame to reach this high firing temperature, but 
when the furnace was built to use air preheated by the stack gases for 
burning the oil, oxygen was no longer required. Firing at this temperature 
was hard on the furnace, especially the baffle wall and the outlets to the 
stack, but the zircon furnace lining stood up well, requiring but few repairs 
during intermittent use at this temperature for several years. The zircon 
roof held up perfectly, but the baffle wall had to be replaced once or twice. 

Zircon crucibles made in this way were of several sizes, but nothing over 
8 inches in height was attempted. The usual design was 3 inches tall 
and tapered from 2*/, inches outside diameter at the top to 15/s inches at 
the bottom, with sides about */,. inch thick and bottom somewhat thicker. 
Platinum could be melted easily in these crucibles in an induction furnace, 
and the crucible was strong enough to permit lifting from the furnace by 
pinching the rim with tongs at one point and pouring the molten platinum 
into a mold. Several melts, or up to eight or ten in the best instances, 
could be obtained in this way from one zircon crucible. It was also at- 
tempted to make zircon molds for the platinum ingots, but slight dis- 
integration of the surface after one or two pours could not be prevented, 
and consequently they could not compete with metal molds. 

Zircon crucibles were found not to stand fluxes and slags, such as enamel 
frits, as well as clay crucibles, so that their field of application was limited. 
It was found also that platinum melted in them might absorb some reduced 
silicon and become embrittled. Research was then continued on zirconia 
crucibles to eliminate any possibility of such contamination by having the 
crucible material practically free from silica. 


XXIII. Zirconia Crucibles 


In the early stages of this work with crucibles, experiments were con- 
ducted with zirconia as well as zircon, but it was not possible to make 
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zirconia crucibles that would not crack when heated and cooled at a 
reasonably rapid rate. There was also much trouble with firing cracks in 
the zirconia crucibles. The zirconia first used was fused in the electric 
furnace, then crushed and calcined, and was of the following composition: 
97.69% ZrOs, 1% AlzOs, 0.5% TiOs, 0.25% FerOs, and 0.24% SiO». Fairly 
good crucibles could be made of a mix containing 70% of this zirconia 
crushed through 60-mesh, and 15% of the same milled through 325-mesh, 
using 15% refined milled zircon as a permanent binder and dextrin solution 
for moistening. The firing temperature was 1500°C. Platinum could be 
melted in these crucibles and poured from them, but their mechanical 
strength and resistance to sudden temperature changes were low. Of 
course to prevent contamination of the molten contents the zircon binder 
should be eliminated. 

Various clays and lime were tried as binders for zirconia but with 
indifferent success, and for a time the best results seemed to be obtained 
with 75% of the 60-mesh zirconia, 25% of the milled, with a solution of 5% 
sodium chloride and 5% sulphuric acid in water as binder. These could be 
fired fairly well at 1500°C, but were still apt to crack if cooled rapidly. 
Some were fired at 1700°C by means of oxygen and came out fairly well, 
but were by no means as strong as the standard zircon crucibles. Hydro- 
chloric acid served nearly as well as a binder, but aluminum sulphate and 
magnesium chloride did not seem as good. 

Our trouble with cracking of these zirconia shapes was explained by a 
report by O. Ruff and F. Ebert.‘ This work showed that zirconia suffers 
a change in crystal form at about 1000°C which causes cracking of pressed 
shapes, and the remedy advised was to mix magnesia with the zirconia, 
as the change was then prevented. This was tried and the results were 
favorable as to the prevention of firing cracks. But the mechanical 
strength and resistance to sudden temperature changes of this product were 
still not good enough. 

In an effort to find a way to increase the mechanical strength, a system- 
atic series of trials was made with a new batch of electrically fused zirconia 
of over 99% purity, both with and without magnesia, and using from 1 to 
5% of the following clays in the mix: Missouri flint clay, Pennsylvania 
flint clay, ‘‘crucible’’ clay, a special ‘“‘D” clay, mullite cement (“Argon’’), 
silica cement (‘“Firebond’’), and chrome cement (““Thermolith’’). After 
firing these to about 1600°C, it appeared that the crucible clay gave best 
results as to refractoriness and soundness. But zirconia crucibles made 
with this clay were too easily cracked on rapid heating or cooling, just like 
the zirconia-magnesia crucibles. 

Aluminum chloride, sodium chloride, and ammonium phosphate were 


*O. Ruff and F. Ebert, “The Forms of Zirconium Dioxide,” Z. anorg. allgem. 
Chem., 180, 19-41 (1929); Ceram., Abs., 8 (9), 660 (1929). 
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also tried as binders for these crucibles with fair results, but there was not 
sufficient improvement in resistance to sudden change of temperature, 
although aluminum chloride showed some promise. A noticeable improve- 
ment in this respect occurred when crucibles made as follows were tested: 
95% of old crucibles, made of zirconia with 5% crushed through 60-mesh, 
was mixed with 5% aluminum chloride crystals by weight, bonded with 
5% dextrin solution, pressed and fired first to 1590°C, then to 1690°C. 
These crucibles endured being placed in a furnace at 1200°C for ten 
minutes and cooling in still air for several cycles, which was a record 
not previously attained with zirconia by the author. 


XXIV. Lime-Bonded Zirconia 


At this stage a reference to zirconia was noticed in Liddell’s Metal- 
lurgists’ and Chemists’ Handbook, where it was stated that good zirconia 
shapes could be made by using lime and sodium silicate as binders. Al- 
though lime had previously been tried as a binder for zirconia with no 
success, a further trial was justified because a more pure zirconia and a 
higher firing temperature were being used. It turned out that lime was 
the solution of this problem after all, and other essential factors were a 
rather coarse grade of zirconia and a very high firing temperature. A 
dilute sodium silicate solution could be used as a binder, but plain water 
was about as good, and too much sodium silicate was definitely detri- 
mental. The first really good zirconia crucibles were made of 95% elec- 
trically fused and calcined zirconia crushed through 20-mesh, including 
fines, and 5% of slaked lime brushed through a 60-mesh screen, moistened 
with a mixture of 5% sodium silicate solution of 1.3 specific gravity in 95% 
of water. Later it was found better to use 20% of old lime-bonded zirconia 
crucibles crushed through 20-mesh, 76% zirconia through 20-mesh, 4% 
slaked lime, and plain water for moistening. These were fired at 1700°C, 
and stood repeated sudden heating in a furnace even at 1600°C followed by 
cooling in the air without damage. When tried for melting platinum in 
the induction furnace, and pouring as has been described, this kind of 
crucible was serviceable after ten or twelve melts, and there was no con- 
tamination of the platinum. 

Other small shapes besides crucibles have been made successfully of 
this lime-bonded zirconia, so that it should be a generally useful super- 
refractory material. It is undoubtedly more refractory than zircon, but 
it is not known how much higher its softening point is, nor how much lower 
it is than pure zirconia without the lime. Promotion of the use of zirconia 
brick has not been attempted on account of the high cost, the material . 
being worth about four times as much as zircon. 


XXV. Pure Zirconia Shapes 
There has been some call for pure zirconia shapes, without any lime or 
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other binder, and these have been supplied in small sizes and simple forms 
by pressing the fine zirconia dry in a steel mold. This method was sug- 
gested to us by Charles Dietz, Chief Chemist of the Dentists’ Supply Co., 
York, Pa., to whom we are duly grateful. Using pressures of about 40,000 
pounds per square inch, a fairly strong coherent shape may be obtained 
which can be fired at 1600°C without-serious cracking. Crucibles of about 
1'/: inch diameter and height have also been made in this way by pressing a 
solid cylinder and carving out the inside afterward. The resistance of 
this pure zirconia to basic slag is better than that of the lime-bonded zir- 
conia or zircon. The melting point of the 99% zirconia was reported by 
one user as about 2700°C. The color of this material is normally a pale 
salmon and not pure white, as chemically pure zirconia is supposed to be. 
But it is a mistake to assume, as some do, that this color is evidence of an 
inferior product, and that a white zirconia would be better. The color can 
be made whiter by mixing impurities such as clay, magnesia, lime, soda, 
etc., with the zirconia; a truly white pure fused zirconia would be 
much more costly than the salmon-colored product and probably no better 
for all practical purposes. 

pecially W. G. Wellings, B. R. Blackmarr, C. G. Hall, and C. Laughlin, who carried out 
most of the experiments here recorded and helped in many ways to secure whatever 
success we attained. Thanks are also due to the Carborundum Company for helpful 
codperation and advice, and to the Titanium Alloy Manufacturing Company for fur- 
— — materials and equipment for the experiments and for permission to publish 
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THE SHALES AND BRICK CLAYS OF GEORGIA* 
By Ricwarp W. 


ABSTRACT 


A résumé is given of the geology, general ceramic properties, and uses of the shales and 
alluvial clays of Georgia, based on a study by the Georgia Geological Survey. The conclu- 
sions were derived from seven months of field work and from ceramic tests on 115 samples 


from private properties and active plants.' 


I. Introduction 


The field investigation of the shales and brick clays was necessarily 
limited by the large area that had to be covered in a short time. The 
producing plants and the principal outcrops within reasonable distance 
from transportation were visited. No prospecting was attempted. Favor- 
ably located outcrops that were approximately representative of the 
deposit were sampled. Wherever possible a 25-pound groove sample of 
the entire thickness of the outcrop was taken. Many outcrops, however, 
were such that a grab sample taken at intervals along the outcrop was 
considered more representative than a groove sample. In both cases the 
surface of the outcrop was cleaned before taking the sample. The following 
samples were collected: 84 shales and associated clays from northwest 
Georgia, 3 semi-alluvial or residual clays from north Georgia, 10 Fall Line 
alluvial clays, 9 south Georgia alluvial and residual clays, and 9 weathered 
schists from just north of the Fall Line in middle Georgia.* 

The samples were dried, ground to pass a 16-mesh screen, tempered to a 
plastic condition, and formed into test bars by a Mueller roll-press. The 
water of plasticity, green modulus of rupture, and linear drying shrinkage 
were determined on the green bars. Five test bars each were fired to cones 
06, 04, 02, 1, 3, and 5 in a gas-fired downdraft laboratory kiln; a separate 


* Published with the permission of the Geological Survey of Georgia. 

Presented at the Annual Meeting, AMERICAN Ceramic Society, Cleveland, Ohio, 
February, 1931 (Geological Survey Session). Received February 5, 1931. 

1 The policy of the Geological Survey of Georgia, as shown by forty-four bulletins, 
is to investigate one mineral at a time, make as thorough a study of that mineral as 
possible, and to report the results in such a way that they are of equal value to the lay- 
man and the scientist. 

The clay deposits have long been one of the outstanding mineral resources of Georgia 
in value of production. In 1928 Georgia produced kaolin to the value of $1,697,654 and 
heavy clay products to the value of $3,644,931. These clay industries have been de- 
scribed, to date, in three bulletins of the Geological Survey: Bulletin, No. 6, ““A Pre- 
liminary Report on a Part of the Clays «7 Georgia,’’ by Geo. E. Ladd, issued in 1898, 
was concerned only with the clays along the Fall Line. Bulletin, No. 18, ““A Second 
Report on the Clay Deposits of Georgia,”’ by J. O. Veatch, issued in 1909, was a compre- 
hensive report on all the clay resources of the State and did much toward furthering 
their utilization. In 1926 the writer began an investigation of the clay depo its of the 
State that resulted in 1929 in Bulletin, No. 44, a comprehensive report on the “Sedi- 
mentary Kaolins of the Coastal Plain of Georgia, ” and in a report to be published soon 
on'the “Shales and Brick Clays of Georgia,” of which this paper is a summary. 

* The chemical analyses were made by Edgar Everhart, Acting Chemist of the Geo- 
logical Survey; the ceramic tests by the writer at the Ceramic Laboratory of the Georgia 
School of Technology under the direction of A. V. Henry, head of the department, and 
W. H. Vaughan. 
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firing was made for each cone in preference to taking draw-trials. Linear 
firing shrinkage, total linear shrinkage, absorption, and modulus of rupture 
were determined on the fired bars. Notes were taken on scumming, 
warping, and color. The fired colors were also measured by comparison 
with the Munsell Book of Color,* a scientific arrangement of color charts 
according to hue, chroma, and value, with a simple method of notation of 
all colors. 


Il. Shales 


The shale deposits of Georgia are found in the northwestern part of the 
State in the area of Paleozoic sedimentary rocks known as ““The Valley,” 
a continuation of the Appalachian Valley of Tennessee, the Shenandoah 
Valley of Virginia, the Cumberland Valley of Pennsylvania, and the 
Kittatinny Valley of New Jersey. The sedimentary rocks in the Valley 
and the adjoining Lookout Plateau consist of shales, limestones, and sand- 
stones, and range in age from Early Cambrian to Pennsylvanian. They 
are composed of material derived from a land area to the southeast and 
deposited in a shallow sea, the sandstones nearest the shore line, the shales 
(as clay) further away from the shore, and the limestones in the deepest 
water. As the shore line oscillated back and forth during this time, the 
various materials were deposited one on top of the other. At the close of 
Pennsylvanian time the area was elevated above sea level, and the period 
of the formation of the Appalachian Mountains began. The forces that 
thrust up these mountains, of which we now see a small remnant, exerted 
tremendous lateral pressure from the southeast against this area of hori- 
zontal sedimentary rocks, forcing them into huge folds. As the pressure 
increased, the folds in the eastern and southeastern part of the area nearest 
the mountains were compressed, overturned, and in places broken. Beds 
were thrust over each other. The beds in the adjoining edge of the Pied- 
mont Plateau were metamorphosed almost beyond recognition and thrust 
over the less metamorphosed beds. All of the beds in the eastern and 
southeastern part of the area are on edge and some are partly meta- 
morphosed, sandstones to quartzites and shales to slates. In the Rome 
District and extending northeast from it, the Cambrian shales have been 
thrust for 4 or 5 miles over the younger Mississippian rocks. In the north- 
western part of the area and the adjoining Lookout Plateau the beds were 
left in large and fairly gentle folds. The land gradually elevated in the 
geologic ages that followed, allowing the streams to cut down into it and 
carry off the débris to the ocean. The areas of shale and limestone were 
softer and more easily worn away, forming the present valleys. The areas 
of sandstone and chert resisted erosion, forming the present ridges. 


? Munsell Book of Color, Abridged ed., Associated Munsell Companies, Baltimore, 
1929. 
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In the generalized table of geologic formations that follows, the forma- 
tions containing shale of possible economic value are in italics. The shales 
of the Cartersville and Rome formations and of the Rockmart slate are of 


Fic. 1.—Map of the shale formations of 
Georgia. 


but limited ceramic value and will 
not be further described. Figure 1 
shows the distribution of the im- 
portant shale-bearing formations 
which are described below. 

(1) Gonna- Connasauga 
sauga For- formation outcrops 
oiatine in the western part 
of the Valley in 
narrow bands extending from the 
Alabama line northwest through 
Chattooga, Walker, and 
Catoosa counties to the Tennessee 
line. The valleys of the Coosa, 
Oostanaula, and Connasauga rivers 
contain broad outcrops of the for- 
mation, the western edge of which 
has been thrust over and is resting 
on younger rocks. On the eastern 
edge of the Valley the formation, 


in general, occupies broad valleys and is intimately associated with the 
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GENERALIZED TABLE OF GEOLOGIC FORMATIONS OF THE PALEOZOIC OF NORTHWEST 
GEORGIA 


Thickness 
Pennsylvanian: 
Walden sandstone 
Lookout sandstone 
Mississippian : 
Pennington shale 
Bangor limestone 
Floyd shale 
Fort Payne chert 
Mississippian or Devonian: 
Chattooga black shale 
Silurian: 
Rockwood formation 
* Probably equivalent in time. 


930-1000 
400- 500 


Rome formation. 
morphosed to a slate. 


Thickness 

Ordovician: 

Rockmart slate 

Chickamauga limestone 
Cambro-Ordovician: 

Knox dolomite 
Cambrian: 

Connasauga formation 

Rome formation 

Cartersville formation 

Shady limestone 

Weisner quartzite 


0-2500 | , 
100-1800 


3000-5000 


1000-4000 
700-2500 | , 
600-1000 / 
800-1500 

2000-5000 


At places near the Cartersville fault it has been meta- 


The Connasauga formation consists of fine-grained argillaceous olive- 
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green and brown shales, together with more or less limestone. Consider- 
able areas are practically free from limestone, but throughout much of the 
area some limestone is present as thin inter-stratified beds, unconnected 
lenses, and heavy beds. Throughout the broad areas of the Connasauga 
in the middle and eastern part of the Valley the beds are steeply inclined 
with the prevailing dip to the southeast, and have often been repeated due 
to close folding and numerous faults. The unweathered argillaceous shale 


TABLE II 
LABORATORY TESTS ON A SAMPLE OF CONNASAUGA SHALE* 
Grinding—Easy Drying behavior—Good; test bars slightly 
Slaking—Fairly rapid warped 
Plasticity—Fair at first; much improved Water of plasticity—25. 5% 
after aging overnight Green modulus of 5 Ib./sq. in. 
Molding behavior—Good Linear drying shrinkage—6.5% 


Frrinc TEsts 


Linear Total Modulus of 
firing linear rupture* 


shrink ahrink- A 
Cone age (%) age* (%) tion*(%) sq. in.) Color Warping 
06 3.0 9.9 14.5 1398 Light red Slight © 
(3YR 6/7)* 
10.0 ‘ 1757 Fair red Slight 
(R-YR 5/5) 
10.6 : 2208 Medium red Slight 
(R-YR 5/5) 
2281 Good red Slight 
(R-YR 5/4) 
2527 Chocolate red Considerable 
(R-YR 4/4) 
3112 Deep chocolate red Some 
(8R 4/4) 
Firing range: cones 03-5; commercial kiln: cones 04-4. 
* From near Dalton, Whitfield County, Ga 


* See Fig. 2. 
* Color notation according to the Munsell system. 


is brownish gray to olive green in color and is too hard to develop any 
plasticity without fine grinding and long pugging. But at many places 
throughout Floyd, Bartow, Gordon, Whitfield, and Murray counties sur- 
face weathering has softened the shale to a depth of 25 to 30 feet so that it 
makes an excellent material, with the proper treatment, for the manu- 
facture of brick and, in a few cases, tile. 

Twenty-one of the samples collected were of this partially weathered 
Connasauga shale. The molding behavior of these samples averaged from 
fair to good, with a few that would have poor molding characteristics 
without fine grinding and long tempering. The firing range in the labora- 
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tory kiln averaged from cones 01 to 5, a range of six cones. The fired 
colors usually ranged from a good red to a deep red. All of the shales 
sampled, with the proper treatment, would be suitable for the manufacture 
of building brick, and about half of them showed possibilities for the 
manufacture of structural tile. The results of laboratory tests on one of 
these shales are given in Table II. 

(2) Rockwood The Rockwood formation outcrops in narrow bands 
Sicinition extending from the northern part of Floyd County 
northeast to the Tennessee line, and in a narrow band 
parallel and close to the foot of Lookout, Pigeon, and Sand Mountains in 
the northwestern part of the State. The belts extending across the middle 
of the Valley consist mostly of sandstone and form a series of ridges. 

The belt that parallels Lookout, Pigeon, and Sand mountains and 
Missionary Ridge in Walker and Dade 
counties consists largely of fine-grained 
olive-green and yellowish green argilla- 
ceous shale with some thin beds of inter- 
stratified brown sandstone. A persistent 
thin layer of red fossiliferous iron ore is 
found near the middle of the formation. 
In the northern part of Dade county some 
thin beds of interstratified limestones 
The beds are all dipping toward 

the mountains at angles usually ranging 
near Dalton, Ga. Total linear from 20 to 60°. Along the foot of Look- 
a absorption, and modu-  oyt, Pigeon, and Sand mountains the resis- 
us of rupture. ; 

tant Fort Payne chert overlying the Rock- 
wood has formed a ridge known as Shinbone Ridge, and the Rockwood 
shales outcrop on the side of the ridge that slopes away from the 
mountain. Missionary Ridge, on the other hand, has been caused by a 
cherty bed of the Knox dolomite thrust up over the Rockwood, which 
outcrops on the west side of the ridge. 

The Rockwood shale does not weather as flaky as some of the other 
Georgia shales. The weathered material is usually slow slaking, but when 
finely ground and thoroughly pugged will process satisfactorily in a stiff- 
mud machine. Fifteen samples of this shale were collected. The molding 
behavior varied from poor to good. The firing range is a little lower than 
the Connasauga shale, averaging for the 14 samples from cones 04 to 3 (in 
the laboratory kiln), a range of 7 cones. The fired color was an excellent 
red. They would all be suitable, with the proper processing, for the manu- 
facture of building brick, and about half of them showed possibilities for 
the manufacture of structural tile. The results of laboratory tests on one 
of these shales are given in Table III. 


Linear shrinkage ~ Absorption % 
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III 
LABORATORY TESTS ON A SAMPLE OF Harp OLIve-GREEN SHALE* 


Grinding—Fairly easy, brittle Drying behavior—Good; test bars some- 
Slaking—Siow, grainy at first what warped 
Plasticity—Fair at first; good after Water of plasticity—19.6% 


aging ‘ ‘ Green modulus of rupture—111.9 Ib./sq. in. 
Molding behavior—Good after aging Linear drying shrinkage—2.6% 
Frrinc TEsts 
Linear Total Modulus of 
firing linear rupture* 
shrink- shrink- Ab - Ib. / 
Cone age(%) age*(%) tion* (%) sq. in.) Color Warping 


06 2.9 5.3 11.8 1157 Dark salmon Slight 
(YR 


2.9 5.7 » 1205 Fair red Slight 
(R-YR 6/7) 


3.6 6. } 1522 Good red Some 
(R-YR 6/8) 


1912 Good red Some 
(R-YR 6/6) 


2413 Good red Considerable 
(R-YR 5/6) 


3147 Dark red Considerable 
(R-YR 4/4) 

Firing range: cones 04-5; commercial kiln: cones 04-3. 

* From the Rockwood formation from outcrops along the Durham Branch of the 
Central of Georgia Railway west of Cenchat, Walker County. 

* See Fig. 3. 

* Color notation according to the Munsell system. 

The Floyd shale occupi 
(3) Floyd Shale Vy e occupies the broad plain west of 

Rome, north of the Coosa River, and south of Laven- 
der Mountain, and the valleys between the ridges to the north in the 
eastern part of Chattooga County and the 
western edge of Gordon County. This 
shale in the area west of Rome that is ad- 
jacent to railroad transportation weathers 
to a soft flaky material, black, dark gray, 
and dark brown in color. 

Seven samples of Floyd shales from this 
area were collected. These were all fairly 
rapid slaking and processed well. The 
average firing range was cones 01 to 5, a 


difference of six cones. The fired color of aS 


three of the samples was a good red, but near Cenchat, Walker County, 
. Ga. Total linear shrinkage, ab- 
the color of the other four was a light sorption, end sandaiiee of septs. 


brownish red, due possibly to a leaching 
of the iron content in weathering. The other properties were excellent 
and the shales are suited for the manufacture of building brick, structural 
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TaB_e IV 


LABORATORY TESTS ON A SAMPLE OF Sort BROWN Waxy FLoyp SHALE* 


Grinding—Easy 
Slaking—Rapid 
Plasticity—Good 
Molding behavior—Excellent 
Linear Total 
firin linear 


shrink- shrink- Ab: - 
Cone age (%) age" (%) tion® (%) 


06 4.9 11.7 14.8 
04 5.6 12.2 12.0 
02 6.8 13.0 10.0 
1 7.4 13.3 9.2 
3 7.4 13.1 7.3 
5 7.5 13.6 5.8 


Drying behavior—Good; bars slightly 


warped 
Water of plasticity—29.3% 
Green modulus of rupture—235.7 Ib./sq. in. 
Linear drying shrinkage—6.6% 


Frrinc Tests 
Modulus of 
ure® 

fib. 7 

sq. in.) Color Warping 

1803 Light red Slight 
(YR 7/7)* 

1798 Fair red Slight 
(R-YR 6/6) 

1681 Good red Slight 
(R-YR 6/5) 

2278 Medium red Slight 
(R-YR 6/7) 

2300 Deep red Slight 
(R-YR 5/5) 

2584 Excellent deep red Some 
(R-YR 5/4) 


Firing range: cones 04-5; commercial kiln: cones 04-3. 
* From near Lavender Station, 8 miles west of Rome, Floyd County. 


* See Fig. 4. 


+ Color notation according to the Munsell system. 


tile, and possibly floor and roofing tile and sewer pipe. 


It is possible 


that the fired colors could be improved by adding a little of the red surface 
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Fic. 4,—Floyd shale from near 
Lavender Station, Floyd County, 
Ga. Total linear s , ab- 
sorption, and modulus of rupture. 


clays of the region. The results of labora- 
tory tests are given in Table [V on one of 
the samples that fired to a good red color. 


III. Fall Line Alluvial Clays 


The principal streams flowing from the 
Piedmont Plateau to the Coastal Plain 
have their velocities checked and there- 
fore have for several miles south of the 
Fall Line deposited large amounts of clay 
derived from the weathering of the feld- 
spathic rocks of the Piedmont area. These 
alluvial clay deposits occur in broad ter- 
races some 25 to 30 feet above the present 
level of the rivers and average from 6 to 8 


feet in thickness. The clay near the surface is brown or yellow in color, 
usually quite sandy, while at greater depth it is lighter colored or bluish 
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TABLE V 
LABORATORY TESTS ON A SAMPLE OF BROWN TO BLUE ALLUVIAL RIVER TERRACE CLay* 
Drying behavior—Good; bars warped 
somewhat 
Water of plasticity—-27.6% 


Plasticity—Good, slightly sticky 
Green modulus of rupture—351.5 Ib./sq. in. 


Linear drying shrinkage—7.7% 
Firinc TEsts 
Linear Total Modulus of 
firing linear ure® 
shrink-  shrink- A’ 
Cone age(%) age* (%) tion® (%) sq. in.) Color Warping 
06 2.9 10.2 18.4 1094 Salmon Slight 
(YR 
ot 2.9 10.4 16.6 1149 Salmon red Slight 
(YR 7/6) 
02 4.3 11.8 14.8 1524 Light red Slight 
(YR 7/6) 
1 4.9 12.1 14.0 1459 Good red Slight 
(YR 7/6) 
3 4.5 11.9 14.4 1577 Good red Some 
(YR 6/4) 
5 5.1 12.7 12.5 1722 Dark red Some 
(YR 6/4) 


Firing range: cones 02-5 and higher; commercial kiln: cones 03-5. 


* From near Macon, Ga. 
* See Fig. 5. 
+ Color notation according to the Munsell system. 


and quite plastic. It is apt to be irregular in extent and in the sand 


content. The clay is underlain by a ‘fine se 
water-bearing sand. The overburden is eo 
so small that it can be neglected. 
These alluvial clays have for a long 7 
time been extensively used in the vicinity 
of Columbus, Macon, Milledgeville, and 2” 
Augusta for the manufacture of building 
brick and structural tile. Their former = 
use for the manufacture of sewer pipe {wb nas re 
has now largely been abandoned. Most 4 
of the companies are now mining clay 
several miles from their plants. The 
extent of these terrace deposits south 


of the Fall Line is not known, but it 
is doubtful if they extend more than 
10 to 15 miles. The results of labora- 
tory tests are given in Table V on a 


sample of this alluvial clay from one of the plants at Macon. 


Fic. 5.—Alluvial River Terrace 
clay from near Macon, Ga. Total 
linear shrinkage, absorption, and 
modulus of rupture. 


These tests 


did not reach the upper firing limit of the clay. 
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IV. Alluvial and Residual Clays of South Georgia 


Common brick have been made at a number of places in south Georgia 
from small deposits of alluvial clay along the streams and from residual clay 
derived principally from the weathering of argillaceous limestones. These 
clays are usually very sticky, have a high shrinkage, and warp and crack 
badly when fired. When they contain enough sand to eliminate these 
difficulties, the fired brick are porous and have a low fired modulus of 
rupture. At the present time only two small plants are in operation 
making a common brick for local use. 

It is possible that a better brick could be made from this type of clay by 
calcining the greater part of the clay and mixing it with just enough plastic 
clay to form the brick. This process would be successful only where the 
location and the local or nearby markets were such that the additional cost 
would be offset by the freight rate on competitive brick from middle 
Georgia. 

V. Weathered Schist 


A belt of metamorphic schist, probably of pre-Cambrian age, outcrops 
just north of the Fall Line in Richmond County near Augusta and again 
further to the west in Washington and Glascock counties. These schists 
have been weathered to a material somewhat resembling shale, but com- 
posed principally of fine sand, weathered mica or sericite, clay probably 
derived from the weathering of feldspar grains, and some iron oxide. Their 
color ranges from gray to white and red. Most of them are too short and 
mealy to process by themselves, although some beds are more plastic. 
They have been used by one company in the manufacture of paving brick. 
One or two samples collected by the writer gave promise of being suitable 
for the manufacture of the handmade colonial type of brick now in great 
demand by architects. 

This study of the shales and brick clays of Georgia indicates that north- 
west and middle Georgia contain an abundance of raw materials suited for 
the manufacture of brick, structural tile, and other ceramic products. 

The industry will continue to expand with the growing industrial de- 
velopment of the region. 
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THE COMMERCIAL UNDERCLAYS OF INDIANA* 


By Georce I. 


ABSTRACT 


The commercial underclays of Indiana are used extensively in the manufacture of 
ix the use of native underclays for making pottery and 
refractories has been comparatively limited. Field and idamten data relating to 
The data, for the most part, are based upon field observations and laboratory tests made 
by the writer. The underclays are discussed with reference to their stratigraphical 
occurrences, physical characteristics in the outcrop, and physical properties as deter- 
mined in the laboratory by chemical analyses and fire tests. The data selected for each 
underclay horizon are representative of the average quality of the clay used commer- 
cially from that horizon. Brief mention is made also of the qualities of underclays in 
horizons other than those being utilized at the present time. 


I. Introduction 


The coal-bearing area of Indiana is one of the most important sources 
of raw clays in the State. The shales and underclays which occur in 
association with the coals of that area are used in 40 of the 101 clay- 
products plants now operating in Indiana; shales are used by 22 plants 
while underclays are used in 27 of the plants. (Some of the plants use both 
shale and underclay in the manufacture of their products.) 

The clayworking industry of Indiana is confined chiefly to the manu- 
facture of heavy clay products, the manufacture of pottery and refractories 
being comparatively limited. The native underclays of Indiana occur in 
abundance in the coal field and have proved to be well adapted to the 
manufacture of structural clay products. 

Because of the extensive and varied adaptation of Indiana underclays to 
ceramic purposes, it is of scientific as well as commercial interest to know 
their stratigraphical positions and their general physical characters. 
Although there is much information regarding Indiana clays in the annual 
reports of the State Geological Survey, the data are not readily accessible, 
and no extensive fire-test data concerning the underclays are available. 
With a realization of the need for such information in a readily accessible 
form, a summary is here presented of the commercial underclays of Indiana 
with reference to their stratigraphical occurrences, physical characteristics 
as exhibited in the outcrop, and physical properties as determined in the 
laboratory. 


Note: The major part of the data presented in this paper is drawn from field ob- 
servations and laboratory tests made by the writer during the past three years. Such 
data are supplemented by additional information obtained from the various publications. 
on the subject of Indiana clays. Acknowledgment i is made of publications for certain 
data that have proved valuable in the preparation of this summary. 

It should be clearly understood that the data incorporated into this summary are 
necessarily very generalized; that the descriptions of the field conditions and the labora- 
tory tests are only representative of the average underclay of each horizon; and finally, 
that all horizons will show local variations from the average. In those cases where an 


* Presented at the Annual Meeting, AMERICAN Ceramic Society Washington, D.C., 
February, 1932. Received November 13, 1931. 
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underclay shows extreme variations in physical properties, the writer has included repre- 
sentative fire-test data that will illustrate this variation. In brief, the present paper is 
intended solely as an iadex for rapid reference work; detailed information must be ob- 
tained from other sources. 


Il. Geologic Conditions 


The underclays of Indiana occur in association with the coals found in 
the western and southwestern part of the State. The coal-bearing area 
includes approximately 70,000 square miles or one-fifth of the total area of 
the State. The rocks of this area belong chiefly to the Pennsylvanian 
system and consist of a great series of coals, shales, underclays, sandstones, 
and limestones. With the exception of a thin and unimportant bed in the 
Mississippian system (Chester series), all the coals occur in the rocks of the 
above system. 

The coals all belong to the bituminous class. They are interstratified 
with thick beds of shale and sandstone, some thin limestones, and beds of 
underclay of variable thickness. The underclays normally underlie the 
coals, although in certain localities underclays are found without the usual 
overlying bed of coal. This latter occurrence is usually due to erosion hav- 
ing removed the usual overlying coal bed previous to the deposition of the 
strata which now rest directly upon the underclay. In other places, the 
coals rest directly upon sandstone or shale and the normal underclay bed is 
found to be absent. The underclays of Indiana occur in beds that range 
from a few inches to as much as twelve feet in thickness. The underclays 
are usually soft, plastic, moderately refractory varieties that can not be 
truly classified as fire clays. There are, however, a few deposits in the 
State that will meet the standard requirements for fire clays. 

The underclays, coals, and their associated strata “‘dip southwest at the 
rate of about 20 to 35 feet to the mile, except in the extreme north where 
the dip is approximately west, and in the extreme south where the dip is 
northwest and north. The beds outcrop from east to west in the order of 
their age; the oldest extend farthest east and pass under younger beds 
toward the west.’’ 

There are more than twenty beds of coal in the State but only nine of 
these have been mined over large areas; fifteen beds have been mined 
locally. The principal beds of coal, named in the ascending order of 
stratigraphical position and age, are Coal I, Lower Block, Upper Block, 
Minshall, Coal II, Coal III, Coal IV, Coal V, Coal VI, Coal VII, Coal VIII, 
Coal IX, Parker, Friendsville, and Aldrich. The Pennsylvanian series of 
Indiana, in which the above coals occur, includes the Pottsville, the Alle- 
gheny, and the post-Allegheny divisions. 

The commercial underclays of Indiana occur beneath Coal I (Mansfield 


1W. N. Logan, “The Indiana Coal Fields,” 11th Ann. Rept., Div. Geol., Dept. 
Cons., p. 30 (1929). 


| 


COMMERCIAL UNDERCLAYS OF INDIANA 47 


group—Pottsville division), the Lower and Upper Block and the Minshall 
coals (Brazil group—Pottsville division), and Coal III and Coal IIIa 
(Staunton group—Allegheny division). 


Ill. Pottsville Division 


(A) Underclays of the Mansfield Group 


The underclays that occur in the Mansfield group are usually correlated 
with Coal I, despite the fact that the Mansfield group is represented in the 
southern portion of the coal field by three distinct beds of coal with associ- 
ated underclays, while farther to the north, only one bed of coal (Coal I) is 
recognized in that group of Pennsylvanian strata. This confusion over the 
correlation of the coals of the Mansfield group is due to the fact that the 
coals of this group were deposited in basins of relatively limited extent and, 
consequently the coals are not continuous over very wide areas. In the 
southern part of the coal field, where three distinct veins of coal are recog- 
nizable, Coal I may have two rider veins, or on the other hand, the Lower 
and Upper Block coals may be represented. For the want of better correla- 
tion and in order to avoid confusion, the writer will consider the three 
southern veins of coal and their underclays as belonging to the horizon of 
Coal I. 

(1) Underclays ae beds of underclay upon which the various beds of 
of Coal I oal I usually rest vary from three to six feet in 

thickness, the greater thicknesses being found in the 
southern part of the coal field. These underclays are gray to grayish 
brown in color, of moderately fine texture, and almost always of good 
plasticity. Fossil plant imprints are very characteristic of these underclay 
beds. 

Fire tests of the clays from this horizon show that they are buff to tan 
firing, are comparatively free of iron, and have an average refractoriness 
equivalent to cone 10. Some of the underclays from the southern portion 
of the area are more refractory, however, and will withstand a temperature 
equivalent to cone 20. 

The following results of laboratory fire tests are representative of the 
underclays of Coal I found in the northern part of the coal field and of 
those found in the southern part of that area: 


Southern Northern Fired to cone 1 Southern Northern 
Plasticity Fine Good Color (oxidizing at- 
Cohesion Strong Strong mosphere ) Cream 
Molding quality Good Good 


Water of plasticity (%) 23 Fire shrinkage (%) 2 
i ing shrink- Porosity (%) 25 
6 Volatile loss (%) 8 


13 
Tensile strength (Ib.) 150 Firing range (cones) 01-20 


4 
15 
(Not ob- 
1-12 
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No chemical analyses of the underclay beneath Coal I in the northern 
part of the coal field are available. The following analyses’ are repre- 
sentative of an underclay of Coal I used commercially in the southern part 
of the area: 


No. 1 No. 2 No. 1 No, 2 
Silica 63.6 65.25 Magnesia 0.91 1.11 
Alumina 26.79 24.10 Titanium oxide 0.00 1.35 
Ferric oxide 3.39 4.47 Soda and potash 0.00 1.40 
Calcium oxide 0.82 0.85 Ignition loss 10.49 8.98 


The principal commercial uses that have been made of the underclays 
from the horizon of Coal I include such products as stoneware, building 
tile, face brick, sewer pipe, conduits, flue lining, and chimney tops. 


(B) Underclays of the Brazil Group 


The Brazil group, which contains four minable beds of coal (the Lower 
Block, the Upper Block, Minshall, and Coal II) is noteworthy for the 
abundance of excellent uncerclavs that are found beneath its coals. With 
the exception of Coal II, which is entirely absent in certain areas and whose 
underclay bed is thin and not of commercial importance, the underclays 
that occur in the Brazil group have contributed largely to the successful 
development of the clay industry in Indiana. 
(1) Underelay of The underclay associated with the Lower Block coal 
Recut is of variable quality. In the Brazil (Clay County) 

district, the bed of underclay, upon which the Lower 
Block coal usually rests, is not of very great thickness and consists of a 
sandy underclay that is frequently of inferior quality; to the south and 
east of Brazil, in Greene and Martin counties, the thickness of the bed is 
greater and the clay is found to be fine-grained, plastic, and suitable for the 
manufacture of various ceramic ware, including terra cotta and pottery. 
The thicknesses of the bed range from 1'/, to 10 feet with the average 
thickness being about three to five feet. 

The following tests are representative of the underclay associated with 
the Lower Block coal: 


No. 1 No. 2 No. 3 
Plasticity Good Fine Good to fine 
Cohesion Strong Strong Strong 
Molding quality Good Good Good 
Water of plasticity (%) 27 30 25 
Linear drying shrinkage (%) 6 8 4 
Slaking rate Over 4 hr. 10 min. 10 min. 
Tensile strength (Ib.) * 180 Ib. 110 Ib. 120 Ib. 
Fired to cone 1 5 

Color (oxidizing atmosphere) Buff Light tan Reddish brown 
Fire shrinkage (%) 4 4 8 

. Porosity (%) 17 7 6 
Volatile loss (%) 8 8 7 
Firing range (cone) 03-10 05-3 05-1 


2 Analyses by courtesy of Albert Gerber, Cannelton, Ind.; analysis No. 1 by Purdue 
Univ., 1919; analysis No. 2 by Amer. Soc. Testing Engineers, 1926. 
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The following chemical analysis* is representative of the underclay 
marked No. | in the above fire tests: 


Silica 65.74 Titanium oxide 1.30 
Alumina 21.70 Potash 0.44 
Ferric oxide 2.13 Soda 0.26 
Calcium oxide 0.56 Sulfur 1.42 
Magnesium oxide 0.00 Ignition loss 7.32 


Commercial development of the underclays associated with the Lower 
Block coal has been limited to the manufacture of face brick. 
From the standpoint of the large variety and the 
uniform quality of the products that are obtained 
by its use in the Indiana clay plants, the underclay 
upon which the Upper Block coal practically always rests may be consid- 
ered the best ceramic material in the State. The underclay of this horizon 
is used extensively in the ceramic plants of the Brazil district and is shipped 
to numerous plants in other parts of Indiana and to points outside the 
State. The bed of underclay is typically developed in Clay and Parke 
counties. It is usually gray to dark gray in color, fine-grained, very plastic, 
comparatively free of grit and other impurities, moderately refractory, 
and buff-firing. The thickness of the bed is not very uniform and varies 
from two to as much as 10'/; feet in thickness; the average thickness is 
about 5 feet. 
The following three tests are representative of the physical properties of 
the Upper Block underclay: 


No. 1 No. 2 No. 3 
Plasticity Fine Good Fine 
Cohesion Strong Strong Strong 
Molding quality Fine Good Good 
Water of plasticity (%) 26 22 21 
Linear drying shrinkage (%) 9 6 6 
Slaking rate Fast 8 min. 12 min. 
Tensile strength (Ib.) 150 180 110 


Fired to cone 1 
Color (oxidizing atmosphere) Creamy buff Light brown Cream 
4 3 


Fire shrinkage (%) 2 
Porosity (%) 17 20 23 
Volatile loss (%) 8 10 6 
Firing range (cone) 03-20 03-10 1-15 


The following chemical analysis‘ is representative of the No. 3 underclay 
in the above group of fire tests: 


Silica 68.35 Potash 2.05 
Alumina 17.80 Soda 0.90 
Ferric oxide 1.95 Combined water 5.45 
Calcium oxide 0.15 Ignition loss 2.85 
Magnesium oxide 0.50 


* Analysis made by Chemistry Department, Ind. Univ. 
* Analysis by courtesy of the Brazil Hollow Brick and Tile Co., Brazil, Ind. 
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The Upper Block underclay is commercially used, at present, for such 
heavy clay products as face brick, hollow building tile, electrical conduits, 
sewer pipe, flue lining, architectural terra cotta, and encaustic and glazed 
tile; it has been used in the past for making a satisfactory stoneware. 

The Minshall coal is underlain usually by a bed of 
underclay of good quality and commercial thickness, 

particularly in the southern part of the coal field. The 
most typical development of this bed occurs in the region of Huntingburg 
(Dubois County) where two large clay plants utilize the underclay in the 
manufacture of stoneware and brick. This underclay has long been used 
for making pottery and the brick plant at Huntingburg finds that it is 
equally satisfactory for the manufacture of face and fire brick. 

The underclay occurs at Huntingburg in a bed about six feet in thickness, 
consisting of an upper four-foot layer of buff-firing clay and a basal two- 
foot layer of red-firing clay. The buff-firing stratum of the bed is light 
gray in color, fine-textured, and very plastic, and is sufficiently refractory 
for the manufacture of low heat duty fire brick. Stoneware and face brick 
are also made from this buff-firing layer. The basal, red-firing portion of 
the bed contains considerable free sand, carbonaceous matter, and iron. 
The latter impurity is in the form of small, odlitic-like iron carbonate 
concretions and occurs in abundance throughout the entire thickness of the 
lower stratum. This basal layer is used for making face brick, being 
either mixed with the buff-firing clay or being used alone. 

Laboratory tests of the two types of underclay found beneath the Min- 
shall coal at Huntingburg are as follows: 


Buff-firing Red-firing Buff-firing Red-firing 
underclay underclay Fired to cone 1 underclay underciay 
Plasticity Fine Good Color (oxidizing at- 
Cohesion Strong Strong mosphere) Creamy Reddish 
Molding quality Fine Good white brown 
Water of plasticity (%) 26 23 Fire shrinkage (%) 2 4 
Linear drying shrink- Porosity (%) 22 12 
age (%) 8 8 Volatile loss (%) 6 12 
Slaking rate (min.) 20 10-15 Specific gravity 2.00 2.30 
i i 2 2.65 Firing range (cone) 1-20 05-3 


Specific gravity .44 
Tensile strength (Ib.) 160 150 


The buff-firing stratum of underclay contains a low percentage of fluxes, 
and as shown by the following analysis,’ the composition closely 7 
the average standard of stoneware clays: 


Silica 69.23 Lime 0.12 
Alumina 18.97 Magnesium oxide 0.36 
Titanium oxide 1.50 Potash 2.27 
Ferric oxide 1.57 Soda 0.33 
Ferrous oxide 0.55 Water 5.46 


5 W. S. Blatchley, “Clays of Dubois County,” 29th Ann. Rept:, Dept. Geol. and 
Nat. Res. Ind., p. 285 (1904). 
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IV. Allegheny Division 


(A) Underclays of the Staunton Group 


The Allegheny division is divided into three groups, the Staunton, 
the Petersburg, and the Shelburn. The first of these groups contains Coal 
III, Coal IIIa, and Coal IV. Coal III and Coal IIIa are best developed in 
the northern part of the Indiana coal field. The underclays associated 
with these coals are important ceramic materials. 

The underclay of Coal III is five to seven feet in 
thickness and is perticularty well developed in Parke 
and Vermillion counties. The physical characters of 
the clay vary from a dark gray, soft, massive clay to that of a white, hard 
massive, very siliceous clay which resembles a friable sandstone. This 
latter variety of underclay, which may be classed as a true fire clay, is 
found in the area between Newport and Montezuma and is used for the 
manufacture of a good grade of fire brick. The less siliceous deposits of 
the underclay are suitable for the manufacture of such structural ware as 
face brick, building tile, and floor tile. 

The variation in physical characters of the underclay found below Coal 
III is well demonstrated by the following tests of samples of the more 
siliceous variety, No. 1, and of the less siliceous variety, No. 2: 


No. 1 No, 2 Fired to cone 01 No. 1 No. 2 
Plasticity Fair Good Color (oxidizing at- 
Cohesion Mod- Strong mosphere) White Creamy 
erately tan 
strong Fire shrinkage (%) 1 2 
Molding quality Fair Good Porosity (%) 24 20 
Water of plasticity (%) 15 28 Volatile loss (%) 4 sS 
Linear drying shrink- Firing range (cone) 01-20+ 05-8 
age (%) 4 8 
ing rate Slow Fast 
Tensile strength {ib.) 190 230 


The following chemical analyses* are representative of the two varieties 
of underclay that occur beneath Coal IIT: 


No. 1 No. 2 No. 1 No. 2 
Silica 77.65 55.09 Lime 0.38 1.51 
Alumina 14.68 20.76 Magnesia 0.16 1.18 
Titanium 1.26 1.20 Alkalis 0.52 2.70 
Iron oxides 03 7.01 ° Loss on ignition 4.52 10.05 


The underclay of Coal IIIa averages about three feet 

(2) Underclay of . ‘ve. fairly sili 

Coal Illa in thickness. It is a gray, massive, fairly siliceous 
clay with good plasticity. The clay is moderately 

refractory and is used to a limited extent in the manufacture of sewer pipe 

and flue lining. 


* Analysis No. 1 made by the Chemistry Dept., Ind. Univ., in 1921 for Burns and 
Hancock Firebrick Co., Montezuma, Ind.; analysis No. 2, op. cit., Blatchley, p. 131. 
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The following fire test is representative of the underclay associated with 
Coal IITa: 


Fired to cone 01 


Plasticity Good Color (oxidizing atmos- 

Cohesion f Strong phere) —tan 
Molding quality Good Fire shrinkage (%) 4 
Water of plasticity(%) 23 Porosity (%) 12 
Linear drying shrinkage (%) 4 Volatile loss (%) 6 
Slaking rate 45 min.—1 hr. Firing range (cone) 01-10 
Tensile strength (Ib.) 190 


Coal IV usually rests upon a sandstone or a very hard 
and sandy shale or underclay. The underclay is not 
adapted to ceramic purposes. 


(B) Underclays of the Petersburg Group 


The Petersburg group of Pennsylvanian strata contains three important 
coal beds (Coal V, Coal VI, and Coal VII), none of which has associated 
underclays that are used commercially. 


(C) Underclays of the Shelburn Group 


The Shelburn group of strata contains two beds of coal, Coal VIII and 
Coal IX. These beds of coal usually have some underclays associated with 
them but the clays are not of commercial importance. 


(3) Underclay of 
Coal IV 


(D) Post-Allegheny Division 


The post-Allegheny division, composed of the Merom and the Wabash 
groups of Pennsylvanian strata, does not contain any underclays of com- 
mercial importance. 


V. Conclusions 


The above data are typical of the general character of the underclays of 
Indiana. These native underclays once were deemed a detriment to the 
mining of coal because it was necessary to remove them from the floor of 
the mine to make head room for the miners. Today these same underclays 
are one of the chief factors in placing Indiana seventh among the ten states 
that lead in the production of finished clay products. 

The quantity and quality of Indiana underclays, however, and the 
abundance of low-cost fuels associated with the clays justify a much larger 
production of clayware, particularly pottery and refractories. The 
manufacture of heavy clay products from native underclays is well de- 
veloped in the State, but the manufacture of pottery and refractories from 
those materials has been relatively small. This is particularly true of the 
pottery division where only three Indiana potteries use native clays in the 
manufacture of their products. A similar situation exists with reference 
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to refractories. Of the five plants in Indiana engaged exclusively in the 
manufacture of refractories, only two use Indiana underclays. 

Indiana still has many undeveloped deposits of underclay that are 
adaptable to the manufacture of both pottery and refractories. Also, 
some of the heavy clay products plants are now using clays that have 
formerly been used for pottery purposes. Other clay plants are using 
clays that are suitable for the manufacture of refractories. 

It is hoped that this summary of data regarding Indiana underclays will 
help to reveal the excellent quality of these ceramic materials and will 
serve to stimulate development of the refractories and pottery divisions 
of the clay industry of the State. 
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SYMPOSIUM ON THE PHYSICAL CHEMISTRY OF THE 
ALUMINA-SILICA REFRACTORIES 


I. The “Physical Chemistry” of a System of Refractory Components* 


By Rosert B. Sosman 


What is meant by the “physical chemistry of the alumina-silica refrac- 
tories,” the subject of this Symposium? While rigid definitions are un- 
obtainable in a constantly changing science, it will be acceptable to look 
upon physics as the branch of science which deals with properties and laws 
that are common to matter of all kinds, leaving to chemistry the properties 
and laws in which chemical composition plays an essential part. Physical 
chemistry occupies an intermediate ground. 

Under “‘alumina-silica refractories’ may be assembled all of the refractory 
products in which Al,O; and SiO, are the essential oxides, excluding only 
such products as silica brick (SiO,) and Alundum (AlI,O;), but including all 
refractories made from kaolin, fire clay, siliceous and aluminous fire clays, 
and the alumina-silica minerals. Our working material, then, is the 
physical chemistry of the system Al,0O;-SiO,. What does the physical 
chemist include in a complete survey of such a system? 

The whole body of physical and chemical science can be built upon six 
fundamental concepts, namely, time-interval, length, mass, entropy, 
energy, and electric charge (or magnetic pole). By bringing these six 
concepts together in various combinations, and by combining their mea- 
sured magnitudes in the form of factors raised to powers of low order 
(dimensional analysis), it is possible to construct a logical framework for all 
of the known laws of physics and chemistry. It is found at once that some 
of the laws, such as those in which mass and time-interval are essential 
elements, are applicable to matter of all kinds, regardless of its composition. 
These constitute the material of “‘physics.’’ On the other hand, there is a 
vast body of data which has significance only as attached to chemical 
substances whose compositions are known in terms of the ninety-two 
chemical elements, and this is the material of “‘chemistry.”’ 

“Physical chemistry,”’ then, deals with laws and properties which are in 
the transition stage toward being generalized into laws which will be 
independent of composition but which nevertheless still reach back for 
their basis of support to such chemical generalizations as the periodic 
system of the chemical elements or the principles of crystalline symmetry. 

On examining this physico-chemical material we find at once that it 
separates into two extreme groups with an ill-defined middle ground. On 
the one side are the laws and properties of matter when seen as made up of 
atoms or molecules. On the other side are the laws and properties which 
may be called megascopic, since they are complete without any belief in, 
or any knowledge of, the existence of atoms. In the middle or microscopic 
ground we find the microphases, with one, two, or three dimensions ap- 
proaching so near the size of an atom that the properties of the atoms as 
individual entities must be taken into account. The dimensions are of the 
order of 100 to 1000 atoms, and the phases may be granular, fibrous, or 


* Introductory statement for a “Symposium on the Physical Chemistry of the 
Alumina-Silica Refractories,"” AMERICAN CERAMIC SocrETy, Washington, D. C., Febru- 
ary, 1932 (Refractories Division). 
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platy. The body of knowledge regarding these phases is often loosely 
referred to as “colloid’’ chemistry and physics. 

The first requirement for a logical discussion of the megascopic laws and 
properties relating to a particular system, such as the system Al,O;-SiQ,, 
is to isolate and define the phases or homogeneous constituent parts of the 
system. Under given conditions some of these phases are stable, others are 
unstable. The relations between them must next be found by a study of 
the phase equilibria. 

Since we are concerned now with refractory components only, we may 
neglect pressure as a variable and also pay no attention to the existence of a 
vapor phase, because when a component is at so high a temperature that 
it becomes a gas it no longer possesses any interest as a refractory. We 
need to survey, then, assemblages in which all phases are liquid; those in 
which some phases are liquid and some solid; and those in which all phases 
are solid. The latter group includes the phenomena of polymorphism. 

Having thus defined the phase equilibria of the system we may proceed 
to examine the individual phases and to study the homogeneous equi- 
librium within each of them. Here we meet with a whole series of so-called 
physical properties which are strictly a part of the physical chemistry of 
the system. They begin with volume (including volume-compressibility 
and thermal dilatation) and the properties involving stored energy (includ- 
ing latent heat, heat capacity, and the thermodynamic properties, especially 
zela or free energy). Next come stress and strain (elastic properties). 
Radiational properties make a complex group including refracion, reflection, 
rotation, absorption, and emission, not only of visible radiation (the optical 
properties) but also of ultra-violet down to cosmic rays and of ultra-red up 
to radio frequencies. The electromagnetic group includes dielectric con- 
stant and magnetic susceptibility. There are also various interrelations 
between these properties, such as siress-birefringence and magneto-dtic 
rotation. All these are in the province of physical chemistry insofar as 
they are being carried over from specific properties of individual substan-es 
or solutions into generalized properties which are predictable from chemical 
composition and constitution. 

On the atomic side we must study the constitution of the atoms of the 
refractory system and the constitution of the molecules produced by the 
union of these atoms. Almost indistinguishable from the molecular 
constitution, in the character of the evidence, is the constitution of the 
mega-phases, including the amorphous (liquid or glassy) phases, and the 
structure of the crystalline phases. Directly associated with the latter is 
the entire doctrine of crystalline symmetry which can not logically be 
looked upon as a megascopic p *erty because there is no good reason 
why matter, when considered as cu. ‘nuous, should take on geometrical 
properties of such a kind that they ca only be described in terms of the 
geometry of systems of points in space. With the atomic properties belong 
also the characteristic spectra such as emission spectra, absorplion spectra, 
scattering or Raman spectra, and luminescent (fluorescent and phosphores- 
cent) spectra. Spectra produced by the reflection or by the electromag- 
netic deviation of atoms or of molecules form the most recently investigated 
members of this group of phenomena. 

In the foregoing summary we have dealt only with the properties of 
substances in the state of equilibrium where they show no visible external 
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change. The second great field of physical chemistry includes substances 
in a state of change, and this field is more important to us than the first 
because so many of the changes in which we are interested never proceed to 
equilibrium in the time we can afford to give tothem. This is particularly 
true of that sluggish and slow-reacting group, the silicates, which constitute 
the working material of the greater part of ceramics. 

The group of megascopic properties in equilibrium has its counterparts 
in the megascopic properties in course of change. Certain phases can be 
called neither stable nor unstable but only ‘“‘evanescent.’’ The same is true 
of certain equilibria. In this group we can include all the phenomena of 
rates of reaction in heterogeneous systems, involving the effects of exposed 
surface and cf diffusion upon such rates of reaction. 

Correspondingly, there is the large body of information on rates of 
reaction in homogeneous systems, a field in which very little has been con- 
tributed by the chemistry of refractory compounds when compared with 
the immense amount devoted to organic compounds. 

The various so-called physical properties in equilibrium also have their 
counterparts in rates of flow or change. Mechanical flow and failure are 
measured in fluidity (or its reciprocal, viscosity) and in strength (tensile, 
compressive, torsional). The flow of thermal energy is measured in the 
thermal conductivity, and the flow of electromagnetic energy in electrical 
conductivity and in the change of radiational properties brought about by 
the radiation itself. 

It is evident that in a symposium of a few hours we can hope to touch 
upon only a few features of this generalized picture. In taking up the 
physical chemistry of the alumina-silica refractories we are restricting our 
field to some degree in that we are interested mainly in what takes place at 
higher temperatures. Since the oxides alumina and silica are almost 
completely quiescent at atmospheric temperatures, the high-temperature 
range is the dominating one. 

In this Symposium we are attempting to give a picture of the present 
state of knowledge on the following points of the general program: 


(1) The searching out and characterizing of the stable phases. As a 
practical problem, this includes the identification of the essential phases in 
the mixtures of hydrated aluminum silicates which constitute fire clay and 
kaolin, the basic materials for most of our refractories. (See paper No. 
II of this series, p. 57.) 

(2) _ similar searching out of the unstable phases. (Paper No. III, 
p. 58. 

In these first two features of the subject we have to place great depen- 
dence on the discoveries of the mineralogist because the phases have hereto- 
fore proved very difficult to synthesize in the laboratory. 

(3) The phase equilibria (liquid and solid) at high temperatures. (Paper 
No. IV, p. 60.) 

(4) The rates of change in unstable but homogeneous phases. (Paper 
No. V, p. 68.) 

(5) The rates of reaction in the heterogeneous systems resulting from the 
decomposition of the clay minerals or from the mixing of these clay 
minerals with other modifications and compounds of alumina and silica. 
The rates are shown forth by the progressive change in certain specific 


SYMPOSIUM ON THE PHYSICAL CHEMISTRY OF REFRACTORIES 57 


properties of the heterogeneous system as the reaction proceeds, particu- 
larly in the volume and the thermal dilatation. (Paper No. V‘, p. 75.) 
Untrep Srates Street. CoRPORATION 


RESEARCH LABORATORY 
Kearny, New Jersey 


Il. The Clay Minerals* 
By C. S. Ross anp P. F. Kerr 


A study of the clay minerals has been under way in the laboratories of the 
United States Geological Survey and Columbia University for several 
years. An investigation of a complex and difficult mineral group of this 
type is time-consuming and a very large amount of work remains to be 
done; but certain definite results have come out of the work.' 

The kaolin minerals include three distinct crystalline minerals of the 
composition namely, kaolinite, nacrite, and dickitle; 
probably one crystalline mineral of the composition H,O-Al,O;-2Si0,; 
and a noncrystalline mineral of about the composition H,O-Al,O;SiO:, 
in which H,O probably varies from about 4 to 6, and SiO, from '/, to 2. 

The clay minerals are in some respects distinctly different from the 
kaolin minerals. The most complex of the clay mineral groups is that 
including montmorillonite, beidellite, and nontronite. The members of the 
group may be represented by the following approximate chemical composi- 
tion: 

H,O + H,0-Al,0;-2Si0O, + Aq 

H,O + H,0-Al,0;3Si0O; + Aq Beidellite 

H,O + H,0-Fe,0;3Si0: + Aq Nontronite 

H,O + H;O (MgO, CaO, etc.)-Al,O;5SiO:; + Aq Montmorillonite 
+ H,0-9MgO-Al,0;-9SiO; + Aq Saponite 


The first H,O appears to be water of crystallization or “zeolitic’’ water; 
the second is high-temperature water of constitution; and the final Aq is 
extremely variable and loosely held adsorbed water. The total water is 
commonly 20% or more in air-dried samples. The members of this series 
seem to be completely isomorphous with one another although there is a 
tendency for a grouping of chemical analyses about individual members. 
The first member has the same composition as kaolinite, but the optical, 
X-ray, and dehydration properties are distinct from kaolinite, and are 
similar to those of other members of the group. Beidellite commonly 
contains ferric iron, and there are all variations between beidellite and 
nontronite. Bases, among which magnesium is commonly dominant, 
are not listed in the first three members of the group but all contain small 
but varying amounts of bases and are apparently isomorphous with a high- 
magnesium end member probably represented by saponite. 

A distinct clay material associated with certain ore deposits and with the 
Ordovician metabentonites is characterized by essential potassium and a 


* The complete data will be published later by the U. S. Geological Survey. 

1 The most complete statement of the results to date is by C. S. Ross and P. F. 
Kerr, in U. S. Geol. Survey, Professional Paper, No. 165, pp. 151-76 (1931), which covers 
the work on the kaolin minerals. The present abstract presents further new conclu- 
— concerning the clay minerals. See also references in paper No. V in this series, 
p. 
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low water content. The potassium-bearing clays have not received ade- 
quate study and their chemical composition is not fully known. The 
following chemical formula approximately represents the composition of 
one that has been analyzed: 5H,O-3Al,0;5(MgO, CaO, K,O)-15SiO,. 
They are low in water, high in bases of which K,O forms an essential part, 
and all are high in silica. The potassium-bearing clays are micaceous and 
resemble sericite; the hardness is about 2.5 and the specific gravity about 
2.5. The color is light gray to pale yellow. 


U. S. Grovocrcat Survey 
Wasaineoron, D. C. 


III. Minerals with the Composition Al,O;Si0,* 
By Herpert INsLey 


The three known minerals with the composition Al,O;SiO, are named 
andalusite, cyanite (or disthene), and sillimanite. 

Crystallographically, two of these minerals, andalusite and sillimanite, 
belong in the orthorhombic system and the third, cyanite, belongs in the 
triclinic system. 

The structure of the three minerals, as determined by X-ray analysis, 
has been investigated by Taylor and Jackson,* by Mark and Rosbaud,* and 
by others. The relation between the structures of andalusite, cyanite, and 
sillimanite has been stated by W. H. Taylor‘ as follows: 


Half of the aluminum atoms in each form are at the centers of octahedra of oxygen 
atoms, which form continuous columns parallel to the c axis and in which two oxygen 
atoms are shared by each adjacent pair of octahedra. The silicon atoms are at the cen- 
ters of independent tetrahedral groups of oxygen atoms with no sharing of atoms by 
adjacent tetrahedra. The remaining Al atoms are surrounded by groups of six, five, 
and four O atoms in cyanite, andalusite, and sillimanite, respectively. This grouping 
of five atoms in andalusite is unexpected but seems fully justified by the data. 


The cyanite structure is a slightly distorted face-centered cubic arrange- 
ment of oxygen atoms. The structure of cyanite is closely related to that 
of staurolite (2FeO-5Al,0;-4Si0O.-H,O), which suggests a reason for the 
frequently observed intergrowths of staurolite and cyanite having a com- 
mon crystallographic direction. 

The densities of the minerals are andalusite, 3.1 to 3.2, cyanite, 3.56 to 
3.67, and sillimanite, 3.23 to 3.25. The indices of refraction of the minerals 
parallel their densities, cyanite being quite different from the other two in 
indices of refraction and in density. Bragg® has shown how the high mean 
index of refraction of cyanite, about 1.72, is due to the close packing of the 
oxygen atoms. The high density is responsible for the volume increase and 
splitting when cyanite grains are converted to mullite and glass upon 
heating. 

In spite of the widespread interest in these minerals as refractories there 


* Publication approved by the Acting Director of the Bureau of Standards of the 
U. S. Department of Commerce 

* Proo. Roy. Soc. (London), 119A, 132-46 (1928). 

* Neues Jahrb. Mineral., Beilage Bd., S4A, 127-64 (1926); Z. Elektrochem., 71, 
317-19 (1926). 

4 Z. Krist., 71, 205-18 (1929). 

5 Proc. Roy. Soc. [London], 114A, 450-73 (1927). 
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seem to be no published records of thermal-expansion tests made on speci- 
mens of the pure material. Good thermal expansion measurements are of 
interest (1) in determining the behavior of the minerals in ceramic bodies, 
(2) in connection with the remarkable difference in hardness in different 
crystallographic directions of cyanite, and (3) possibly in determining the 
stability relations and in searching for methods of synthesizing members of 
the group. 
It was formerly thought that sillimanite could be produced by heating 
andalusite, cyanite, or a suitable mixture of Al,O; and SiO, to a high 
temperature. Since the discovery that this “artificial sillimanite’’ was 
actually mullite* (3Al,0;2SiO,), no methods of synthesis of any of the 
three minerals constituting the sillimanite group have been developed. 
Neither the application of heat, pressure, the use of fluxes, nor the combina- 
tion of all three has proved successful. 

Neumann’ has measured the heats of solution and the true heat capaci- 
ties and has calculated the free energies of all three minerals, and by the 
application of Nernst’s heat theorem has come to the following conclusions 
as to their theoretical stability ranges: 

(1) Between andalusite and sillimanite there is an enantiotropic inver- 
sion point at about 1490°C, andalusite being the more stable above this 
temperature, and sillimanite below. 

(2) For the system cyanite-sillimanite there is no equilibrium point and 
cyanite has no true stability ’ 

(3) The difference between the heats of solution of andalusite and cya- 
nite is so small that no satisfactory conclusions can be drawn as to the 
equilibrium relations in that system. 

Neumann's first conclusion regarding the equilibrium between andalusite 
and sillimanite has not yet been generally accepted, partly because the only 
reaction so far obtained from any of the three minerals has been their 
dissociation to form mullite. 

Commercial sources of these minerals have been reviewed extensively 
in the literature and only a few deposits will be mentioned here. An- 
dalusite occurs in a large body, relatively pure, in the White Mountains 
of the Inyo Range, Mono County, California. Large deposits of cyanite 
occur in India and shipments from this source have been made to this 
country. In North Carolina and Virginia cyanite has been freed from 
associated minerals by washing and used in the production of refractories. 
Sillimanite occurs in a large deposit in the Assam Hills in India and has 
been shipped to England for use in refractories. 

The geological occurrence of these minerals is of interest in relation to 
their origin. Knopf* has studied an andalusite mass in Mono County, 
California, close to the deposit that is now worked commercially and used in 
spark-plug production. He suggests that the andalusite originated from 
the volcanic porphyry due to metamorphism by gaseous emanations 
caused by granitic intrusions in the region. This origin is also suggested 
for the andalusite that is associated with dumortierite and tourmaline in the 
Rochester district in Nevada. 


* See paper No. IV of this Symposi p. 61. 

7 Z. anorg. allgem. Chem., 145, 193-238 (1928); Neues Jahrb. Mineral. Geol., Betlage 
53A, 1- 38 (1925). 

"8 Jour. Wash. Acad. Set., 71, 549 (1917). 
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In the deposits in India cyanite is intimately associated with sillimanite 
and with topaz. Topaz is of interest to refractories manufacturers since it 
is essentially an aluminum silicate with fluorine and water and may behave 
much like dumortierite on heating. 

Deposits of all three minerals occur at or near contacts with igneous 
rocks where apparently high temperatures and sometimes gases or hot 
liquids from the igneous sources have >layed important parts. They also 
occur as important constituents of crystalline schists produced by high 
pressures and probably also moderately high temperatures. 

Wallace® records the occurrence of cyanite in a schist associated with 
garnet and staurolite in northern Manitoba. He notes that the cyanite and 
staurolite have developed in these rocks at or near the contact with an 
igneous body whereas elsewhere in this same series of sediments cyanite is 
absent. He states that the stability of cyanite seems to be conditioned by 
proximity to the igneous mass and concludes that conditions favorable for 
the formation of cyanite would be (a) excess of AlpO; and low content in 
alkalis and alkaline earths, and (5) high temperature conditions, though not 
as high as would necessitate the crystallization of the aluminum silicate as 
sillimanite. 

The successful synthesis of these minerals in the laboratory may be of no 
commercial importance, but it would be of great scientific interest. It is 
suggested that a study of the geological occurrence and associations, bear- 
ing in mind especially the distance from contact with igneous bodies, the 
temperatures and pressures of formation, and the possible fluxes present 
may give important clues as to the proper laboratory procedure to be used. 


IV. Equilibria in the System Alumina-Silica 


By Rosert B. Sosman 


Introduction 


Underlying all experimental study and theoretical discussion of the 
properties and the rates of reaction in a chemical system such as alumina-— 
silica, are the facts concerning the equilibrium in that system, as controlled 
by temperature, pressure, and composition. 

The state known as “thermodynamic equilibrium” is the state toward 
which the system will inevitably drift, sometimes rapidly, sometimes 
slowly, but as inevitably as a stone works its way down a hillside under the 
force of gravity. This equilibrium depends upon composition, tempera- 
ture, and pressure, but if these three quantities are fixed, then a certain 
definite state of equilibrium will ultimately be attained by the system, no 
matter what vicissitudes it has met with en route. The number ana kind 
of phases, and the proportions of alumina and silica in each, which will be 
found in a brick made from a pure kaolin after it has been heated for a long 
time at a temperature, e.g., of 1300°C, are definite facts which car be 
predicted with almost as much certainty as the next solar eclipse. Whether 
the kaolin was originally coarse, fine, or plastic; whether the brick was 
made by slip-casting, extrusion of a wet mud, or pressing of a stiff mud; 
whether it was dried and fired slowly or rapidly; all these variables have 


* Amer. Mineral., 91, 129-35 (1924). 
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nothing to do with the final equilibrium. We need to know only the pro- 
portions of alumina and silica in the original kaolin, and the constant 
temperature at which it was finally held. 


History 


The history of the progress of investigation on the system alumina-silica 
is quite the reverse of the history of most such systems. It is usual to find 
that the preliminary sketch of the equilibrium was a simple diagram, and 
that further investigation has complicated it by introducing new com- 
pounds or new inversions which were not at first s 

In contrast with this, the system alumina-silica has been simplified, 
not complicated, by research. The earlier literature contains many 
aluminum silicates, some deduced from the chemical composition of 
natural products, some inferred from chemical reactions such as the 
weathering of natural silicates, and some cut from whole cloth by combining 
alumina with various hypothetical silicic acids. Shepherd, Rankin, and 
Wright"® swept all this away with one stroke; they found that at high 
temperatures there was just one compound between the two oxides and the 
relations of this compound to the two constituent oxides were of the 
simplest character. The compound was believed to have the formula 

Unfortunately the exact composition of the compound was not hit upon 
correctly by the first investigation. When Bowen and Greig'' made a 
further study of the system they confirmed the existence of the single 
compound but found that its composition is 3Al,O;2SiO,. At about the 
same time Bowen, Greig, and Zies*® discovered a natural mineral of this 
same composition in a rock from the Island of Mull, and accordingly named 
the mineral mullite. The single stable compound in the system is therefore 
synthetic mullite of the formula 3Al,0;5-2SiO,. 

Shepherd, Rankin, and Wright’s evidence that the composition of the 
compound was Al,O;SiO, rested mainly on its apparent identity with the 
mineral s‘llimanite. The mistake in identity was a natural one because 
the optical and crystallographic properties of mullite and sillimanite are 
very similar and, what is even more striking, the X-ray patterns of the 
two can be distinguished only by precise work. Some persons are still not 
convinced that the original authors were wrong in their first identification, 
but the evidence is now sufficiently abundant to make the case clear. 


The Phases 


The Phase Rule, deduced from the principles of thermodynamics and 
abundantly established by subsequent experimental work, tells at once how 
many phases to expect in the system Al,O;-SiO,. The variables are tem- 
perature, pressure, and composition. Since, for present purposes, we are 
interested only in atmospheric pressure and in temperatures which are not 
so high that any vapor pressure is exerted by silica or alumina vapors, we 
may forget pressure as a variable for the rest of the discussion and deal 
only with solid and liquid phases, not with gases. 


” E. S. Shepherd, G. A. Rankin, and F. E. Wright, Amer. Jour. Sci., 28, 293-333 
(1909); Z. anorg. Chem., 68, 370-426 (1910). 
uN.L. Bowen and J. W. Greig, Jour. Amer. Ceram. Soc.,7 [4], 238-54 (1924). 
12 N. L. Bowen, J. W. Greig, and E. G. Zies, J. Wash. Acad. Sci., 14, 183-91 (1924). 
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There will never be more than three condensed (nongaseous) phases in 
equilibrium in the system Al,O;-SiO,. Assuming that the pressure will 
always be one atmosphere or more, we find that if three phases are in 
equilibrium the temperature can have one, and only one, value for the 
assembly of phases in question, and their compositions are all fixed. What 
that temperature is must be found by experiment. If only two phases are 
found in equilibrium, the temperature may have any value within a certain 
range, whose limits must be found by experiment. If only one phase is 
found, not only may the temperature have any one of a range of values, 
but the composition of the one phase may also vary within limits, again 
determinable by experiment. 

This much information regarding how many phases to expect, and how 
they are limited, is available without a stroke of experimental work. The 
next step is to find what the stable phases actually are. Here there are no 
principles of sufficient generality to furnish a sure guide. It is necessary to 
make mixtures of various compositions, heat them at various temperatures, 
and see what can be found by microscopic, X-ray, magnetic, or other 
methods of identification. Even after a liberal number of such experi- 
ments have been made, it can not be logically certain that there is not some 


TABLE I.—STABLE PHASES IN THE SysTEM AL,O;-SrO, 
Density Specific volume 
at 20° 


Name Formula Symmetry at 20 
Mullite 3Al,03-2Si0, Orthorhombic 
High cristobalite SiO, Isometric 2.32 0.4312 
High tridymite SiO, Hexagonal 2.26 0.442 
Corundum Al,O; Trigonal 3.97 0.252 


* Volume of low-temperature modification. 


more stable phase which would appear if we had the patience and perse- 
verance to seek it out. This is particularly true of silicate systems, in 
which reactions are often very difficult to initiate and very sluggish even 
when they have started. Nevertheless, it is possible by using a wide 
variety of initial materials and of experimental conditions to reduce the 
margin of probability of undiscovered unknowns to a small value, which is 
as much as we can ever hope to accomplish by experiment alone. 

The application of research of this kind to the system Al,O;-SiO, has 
shown that when equilibrium is attained at temperatures above 1470°C 
there are just three possible crystalline phases, namely, 3Al,0;-2SiO, 
(mullite), SiO, (high cristobalite), and Al,O; (a-alumina or corundum). 

Below 1470° high cristobalite ceases to be the stable phase of silica and 
is replaced by high tridymite. The symmetry and specific volume of these 
crystalline phases are compared in Table I. 

So far as published data show, the compositions of the crystalline phases 
are constant and independent of the temperature and of the conditions of 
formation. There are accordingly no solid solutions to be taken account of 
in our tentative diagram of the high-temperature system.* 


* Greig and Posnjak have made syntheses controlled by microscopic examination and 
X-ray powder spectrographic studies of the products. These indicate that solid solu- 
tions occur at high temperature, i.c., that the composition of mullite is variable within 
limits.. The data are not sufficiently complete for publication. They indicate that 
solid solutions more aluminous than the 3:2 ratio are formed but on the other hand, 
despite a good deal of work, they have given no indication of solid solutions less 
aluminous than the 3:2 ratio. (Personal communication.) 
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Experiment shows that there is only one liquid phase, which from the 
standpoint of chemical thermodynamics is identical with the rigid or glassy 
phase produced by rapid cooling of the liquid. There might logically be 
more than one liquid phase, as is actually found to be the case in the system 
CaO-SiO, and in various other silicate systems, but in the system Al,O;- 
SiO, only one is found. 

Having identified the stable phases, we must next determine by experi- 
ment at what temperatures they are in equilibrium with one another and 
what are the corresponding compositions of the variable phase, the liquid 
or glass. 


The Temperature Scale 


Before detailed data are given on the invariant and monovariant com- 
binations, a few words will be in order in regard to the scale of temperatures 
to be used in defining these states of the system. 

The history of the high-temperature scale has been a history of stepwise 
empirical extrapolations based upon thermal e.m.f., radiation, electrical 
resistance, heat capacity, etc., followed later by experimental realization of 
some properly defined scale and abandonment of the extrapolation. One of 
these steps was the extension of the gas-thermometer scale to 1550°C, 
which gave for the first time a dependable experimental basis for accurate 
temperatures from 1100°, the previous limit to 1550°; but for tem tures 
above 1550° it was still necessary to depend on various methods of extrapo- 
lation. In 1912 the mean result of extrapolated values for the melting 
point of platinum was 1755°C, and this value has been quite generally used 
in the United States as a basis for temperatures between 1600° and 1900°. 

During the past few years several determinations of the melting point of 
platinum, based on the ratio of brightnesses at the melting points of 
platinum and of gold, have indicated that the platinum point is appreciably 
higher than the generally used value 1755°. Undoubtedly the most 
accurate measurement of this ratio of brightnesses is the recent measure- 
ment by Roeser, Caldwell, and Wensel'* at the Bureau of Standards. 
Taking the values that are now accepted for the International Temperature 
Scale, namely, 1336°K (1063°C) for the melting point of gold and 1.432 for 
the value of the second radiation constant, C., in the Wien-Planck radiation 
law, it is found that the melting point of platinum is 1773.5°C. 

Similar measurements of the ratio of brightnesses at the melting points 
of palladium and gold, using the same international constants, give pal- 
ladium a melting point of 1554°C, which is 5° higher than Day and Sos- 
man’s value of 1549.2° obtained with the nitrogen thermometer. It should 
be remarked, however, that if the melting point of gold is known, then 
the optical scale is a true thermodynamic scale independent of the 
properties of any other substance, whjle the Day and Sosman nitrogen 
thermometer scale is a gas scale which must depart to some extent from 
the thermodynamic scale."* The amount of this departure is not known 
accurately but it is fairly certain'® that the correction to the nitrogen 


18 Day, Sosman, and Allen, Carnegie Inst. Washington, Publ., No. 157(1911); Amer. 
J. Sci., 29, 93-161 (1910); J. phys., [5], 2, 727-49, 831-44, 899-911 (1912). 

4 W. F. Roeser, F. R. Caldwell, and H. T. Wensel, Bur. Stand., Jour. Research, 6, 
1119-29 (1931); Research Paper 326. 

% A. L. Day, and R. B. Sosman, “Realization of Absolute Scale of Temperature,” 
Glazebrook’s Dict. Applied Physics, 1, 836-71 (1922). 
% FE. Buckingham, Bur. Stand., Bull., No. 3, pp. 237-93 (1907) (Sci. Paper No. 57). 
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scale at 1550° is positive and that it is at least 1°. (For this reason 
the palladium point has usually been given the round value 1550°.) 
It is not impossible, therefore, that if the thermodynamic correction 
at 1550°C were known, the determination with the nitrogen thermometer 
would be found to be in agreement with the determination by the bright- 
ness pyrometer within the limit of accuracy of the measurements, esti- 
mated at +2°. 

The best measurements of the temperatures of equilibrium in the system 
Al,O;-SiO, are those of the Geophysical Laboratory.'? The Geophysical 
Laboratory’s temperature scale has been based on the gas-thermometer 
measurements of Day and Sosman ending at 1550° for palladium and upon 
the generally accepted value 1755° for platinum. The number of degrees 
to be added to this scale in order to approximate to the scale which now 
seems likely to be adopted for international use is shown in the following 
table: 


Amount to be added Amount to be added 


Temperature on in order to transform to Temperature on in order to transform to 
Geophysical Laboratory International Sca!e Geophysical Laboratory International Scale 
Seale (°C) with Pt at 1773°C Scale (°C) with Pt at 1773°C 
1100 0 1500 + 3 
1200 +1 1600 + 6 
: 1300 +1 1700 +15 
1400 +2 1800 +20 


The Invariant and Monovariant Combinations 


By specifying the absence of either silica or alumina we fix one variable, 
and so may treat the melting points of the two pure components, where one 
crystalline and one liquid phase are in equilibrium, as invariant points in 
the system. Further, there are two invariant points that are points of 
equilibrium between two crystalline phases and a liquid, and one point that 
is a point of equilibrium between three crystalline phases. 

The invariant points are as follows: 

: ; The best determinations are those by Ferguson 
t of and Merwin'* and by Greig.'® The generally 
. . accepted value of 1713° becomes, on the new in- 
ternational scale, 1728°. 
. . Until last year, the best available determination 
pa Menno _ of of the melting point of alumina was that of 
ay ae Kanolt,”° at 2050°. This was consistent with 
1755° for platinum, but owing to the fact that Kanolt did not measure 
platinum by the same method or in the same furnace as his refractory 
oxides, it is not possible to estimate a true correction-curve for his data. 
Meanwhile a new determination by Bunting,*! under conditions at least as 
good as Kanolt’s, gives 2040°, a value which is consistent with the Inter- 
national Scale and which will be used in this paper. 
(3) Eutectic between The invariant point where cristobalite, mullite, 


Cristobalite and Mullite and liquid are in equilibrium is a’ point of 
minimum temperature, accordingly called a 


2 Bowen and Greig, see footnote 11, p. 61. 
18 J. B. Ferguson and H. E. Merwin, Amer. J. Sci., 46, 417-26 (1918). 
1 J. W. Greig, ibid., 13, 7-12 (1927). 
*” C. W. Kanolt, Bur. Stand., Bull., 10, 295-313 (1913) (Sci. Paper No. 212). 
21 E. N. Bunting, Bur. Stand., Jour. Research, 5, 325-27 (1930); Research Paper 203 
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eutectic point. It is at 1545° according to Bowen and Greig, or 1549° on 
the International Scale. The composition of the liquid phase is inter- 
mediate between the compositions of the two solid phases, and is 94.5% 
SiOz, 5.5% AlkO;, by weight. This is equivalent to 92.3% SiO, 7.7% 
mullite by weight. 
: ‘ ‘ At the invariant point where mullite, alumina, 
Bo ama Point and liquid are in equilibrium, the composition 
of the liquid is not intermediate between the 
compositions of the two solids. The liquid is found to be more siliceous 
than the compound, and this can happen only if the compound dissociates. 
Another consequence is that the 


point is not a point of minimum ° 

temperature, and sc can not be 

called a eutectic. It is some- 

times termed a /fransition point, 

and the compound is said to Ary 

an incongruent melting point. \/ 

The composition of the liquid, 

according to Bowen and Greig, ond T 

is 45 55 AlLO; which is 

equivalent to 23.4% SiOz, 76.6% 

mullite (3Al,03;-2SiO.), by weight. 
$ ium diagram for the system Al,O;-Si 


The phase-equilibrium diagram — corrected to International 


of temperature versus composi- 
tion for the completely stable system is shown in Fig. 1. This virtually 
reproduces Bowen and Greig’s diagram, but with the changes in the tem- 


TABLE IT 
INVARIANT Pornts ABOVE 1000° In THE System AL,O;-S10, 
Composition of each phase by weight Designation 
Phases A Character in Figs. 1 Tem ture 
present SiO: (%) AlsOs (%) of point and 2 bec) 
Cristobalite 100 
Liquid 100 } Melting point A 1728 
Cristobalite 100 
Liquid 94.5 5.5 Eutectic B 1549 
Mullite 28.20 71.80 
Mullite 28.20 71.80 
Liquid 45 55 Transition point S 1830 
a-Alumina 100 
a-Alumina 100 
} Melting point D 2040 
Cristobalite 100 | 
Tridymite 100 Inversion point J,K 1470 
Mullite 28.20 71.80 } 


peratures that are called for by recent progress in the definition of the 
high-temperature scale. The temperatures and compositions are sum- 
marized in Table IT. . 
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Metastable Equilibria 


We have compared the attainment of equilibrium with the progress 
of a stone working its way down a hillside under the constant action of 
gravity and the intermittent impulses due to rain, frost, and earthquake, 
complete equilibrium being represented by the position of rest at the base 
of the hill. Let us imagine now that the stone works its way into an 
undrained hollow on the hillside, so that in order to make further progress 
it must go up hill for a short distance before it can make its way over the 
rim of the hollow and resume its downward course. It may lie in this 
hollow for years until a cloudburst or a stone-throwing boy gives it the 
necessary impulse. Its temporary but indefinite sojourn in the hollow 
is analogous to the state of metastable equilibrium which is often met with in 
chemical systems, especially in sluggish systems like the silicates. 
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Fic. 2.—Diagram showing the compositions of the unstable or metastable 
phases, metakaolin, andalusite, kyanite, and sillimanite in their relation to the 
high-temperature equilibrium diagram of Fig. 1. 


There are three compounds in the alumina-silica system which are of this 
metastable type, at least at temperatures around 1300 to 1400°C. One or 
more of them may possibly be stable in some lower range of temperature, 
but of this there is as yet no certain evidence. The three compounds all 
have the formula Al,O;SiO,, and have been obtained only as natural 
minerals, attempts to synthesize them having thus far failed. They are 
sillimanite, andalusite, and kyanite.2** They are usually referred to by 


mineralogists as the ‘“‘andalusite group” of alumina-silica minerals, and by ° 


some ceramists as the “‘sillimanite group.” They are considered more 
fully in the third and fifth papers of this Symposium. Their composition 
in relation to the equilibrium diagram is shown in Fig. 2. 


22 Often written cyanite, but the spelling and pronunciation kyaniie are preferable 
both because of the derivation (Greek kyanos, dark blue) and in order to avoid confusion 
with the rock name syenite. 
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Metakaolin 


Since the ceramist’s raw material is so often a hydrated silicate of alu- 
mina, considerable interest attaches to possible phases which may be pro- 
duced by firing such a silicate at a temperature below that necessary for 
complete equilibrium according to Fig. 1. Much study as well as specula- 
tion has centered about the problem of what happens to a kaolin or a clay 
when it is dehydrated, and no convincing conclusion has yet been reached. 
The disagreement of results is not surprising in view of the facts brought 
out by Ross and Kerr, for it is evident now that no investigator of the 
subject has had a pure substance to work with, and no two workers are 
likely to have had the same mixture of substances. The limiting tempera- 
tures for the active dehydration of the kaolin group are =pproximately 
400°C and 650°C. The principal hypotheses as to the constitution of the 
product of dehydration are as follows: 

Hypothesis (1): The compound Al,O;-2Si0.-2H,O dissociates completely 
iato its three constituent oxides, leaving anhydrous Al,O; and SiO, in the 
solid state. This view has been held by LeChatelier, Rieke, Mellor and 
Holdcroft, Tammann and Pape, and others.** Both of the oxides might be 
amorphous, or one or both oxides might be crystalline. The evidence of 
X-ray patterns is in general adverse to the possibility of crystalline oxides, 
because photographs show few if any line patterns characteristic of the 
crystalline forms of Al,O; and SiQ,. 

Hypothesis (2): A new compound, metakaolin, AlyOs-2SiO:2, results from 
the separation of the water molecules from the compound Al,O;-2SiO,-- 
2H;,O0. This view is held by Rinne, Vernadsky, Spangenberg and Rhode,** 
Ginsberg, Nikogosian, and Chitaev,** and Hyslop and Rooksby.** The 
X-ray evidence is not conclusive. Hyslop and Rooksby found lines which 
they thought characteristic of a new compound. Rinne found only lines 
which could be interpreted as due to residual undissociated kaolinite, but 
at the same time the optical properties of the dissociation product were not 
those of an amorphous substance. 

A new line of evidence on metakaolin has been offered recently by 
Klever and Kordes.*” They measured the heats of solution in aqueous 
hydrofluoric acid of Zettlitz kaolin and of the products of its dehydration 
at various temperatures from 290 to 1100°. As expected, there is a sharp 
rise in the heat of solution of products heated at 420 to 550°, corresponding 
to the change due to dehydration. But the value attained is not 161 kg.- 
cal. per mol, which is the sum of the heats of solution® of crystalline Al,O; 
and 2SiO:, but a value 18 kg.-cal. per mol higher than this. The authors 
conclude that 18 kg.-cal. (15.8 as they calculate it) is the endothermic heat 
of formation at room temperature of a distinct compound, metakaolin. 

The questionable step in this deduction is the use of quartz and of y- 
Al,O; as the basis of reference. The heats of solution of the amorphous 


23 The best review of the results obtained up to 1927 is by Spangenberg, Keram 
Rundschau, 35, 331-36, 352-54, 370-72 (1927). This.gives references to numerous 
papers earlier than those mentioned here. 

*4 Keram. Rundschau, 35, 398-401, 414-15, 434-35, 452-54, 470-71 (1927). 

% Trans. Inst. Econ. Mineral. & Met., Sci. Tech. Dept., U.S.S.R. (Russia), No. 22, 
20 pp. (1926). 

% J. F. Hyslop and H. P. Rooksby; Trans. Ceram. Soc. (Eng. ], 27, 93-96 (1928). 

” E. Klever and E. Kordes, Verdffentlich. Kaiser-Wilhelm-Inst. Silikatforsch. Berlin- 
Dahlem, 3, 17-22 (1930). 

% E. Klever, Trans. Ceram. Soc. [Eng.] (Commemoration Vol.), pp. 149-61 (1930). 
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oxides SiO, and Al,O; are greater than those of their crystalline modifica- 
tions, and the difference might easily be enough to account for the 18 kg.- 
cal. found. Two mols of SiO, in the amorphous or vitreous state would 
account for 4 to 5 kg.-cal. Even if present as cristobalite instead of 
amorphous silica, the 2 SiO, would account for 3 to 4 kg.-cal. The heat of 
solution of Al,O; is known to vary considerably with its heat treatment, 
reaching a maximum of 100.9 kg.-cal. before it is completely dehydrated, ?* 
which would account for another 8 kg.-cal. The thermochemical evidence, 
therefore, can not at present be relied upon for proof of the existence of 
metakaolin. 

The reactions of metakaolin at higher temperatures, assuming that it 
exists, are also not clear. Hyslop and Rooksby interpret their X-ray 
patterns to mean that metakaolin (which they call a-kaolin) begins to 
transform at 870° into 8-kaolin, which in turn transforms at 1060° and 
higher into the stable high-temperature compound, mullite. This reaction 
would of course leave the excess of silica to crystallize as tridymite or 
cristobalite. Klever and Kordes observe an exothermic effect beginning 
about 900° which they interpret as the dissociation of metakaolin into its 
constituent oxides. This view is shared by most of those who believe in 
the existence of metakaolin. 

It is generally agreed that as the temperature approaches the mullite- 
cristobalite eutectic at 1548° (see Fig. 1), the metakaolin or its dissociation 
products will change into mullite and cristobalite. The ultimate equi- 
librium, as we had every reason to expect, is thus not affected. Neverthe- 
less, it is important to know more about the reactions that occur, including 
dehydration and dissociation, in order that we may intelligently control the 
drying, handling, and firing of clay products. The complete solution of 
the problem demands work on pure homogeneous compounds, selected and 
identified in accordance with the careful procedure of Ross and Kerr. 


V. The Behavior of Unstable or Monotropic Forms in the System 
Alumina-Silica and Related Systems 


By Atsert B. Peck 


The Importance of Monotropism to the Manufacture of Refractories 


When subjected to the action of heat during the process of manufacturing 
a refractory article, a mineral may or may not undergo changes in con- 
stitution and microstructure. If no changes take place, it is said to be 
stable at the temperature in question; if changes do occur, it is unstable 
Instability may show itself in any one of four phenomena: inversion, 
dissociation without melting, incongruent melting, and congruent melting. 

If a mineral is unstable at some elevated temperature, the resulting 
product may remain stable under all subsequent temperature conditions 
short of actual fusion; or instability may again manifest itself when the 
temperature is lowered by a change back to the original state or to some 
other still different state. Unstable minerals may, therefore, show either 
irreversible or reversible change. 

The silica group, composed of quartz and its related minerals, is repre- 
sentative of reversible instability. Such a substance may be designated 


*® Klever, op. cit., p. 151. 
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“enantiotropic.”” The sillimanite group shows, as far as our present 
knowledge goes, irreversible change and hence is ‘“‘monotropic,”’ since the 
change in constitution takes place in one direction only. The minerals of 
the sillimanite group dissociate to form a mixture of mullite and a siliceous 
liquid. Mullite itself eventually melts incongruently, that is, it dissociates 
into liquid and a-alumina which in turn finally dissolves. The important 
and interesting fact is that no one has yet been able to cause that mixture of 
mullite and cristobalite or liquid, which results from the dissociation of a 
mineral of the sillimanite group, to recombine and form one of the silli- 
manite minerals, once the dissociation has been accomplished. Nor is 
there any present evidence sufficient to prove such a possibility. The 
dissociation product appears, therefore, to be permanent and essentially 
stable at all temperatures up to the dissociation temperature of mullite at 
1830°C, and it can be heated or cooled repeatedly without fear of changes 
in its mineralogical constitution. 

This does not mean that such products will not react with other sub- 
stances which may be present. This frequently happens, either to the 
benefit or disadvantage of the refractory, and fortunately this can be 
controlled almost at will. At present, only the behavior of the funda- 
mental materials is of interest. 

Enantiotropism is accompanied by physical phenomena such as volume 
changes which may be very disadvantageous to a refractory. Monotropic 
change is a thing which, when once accomplished, is permanent and no 
further marked physical changes occur, within certain limits. It is of ut- 
most importance, therefore, to know at what temperatures a mineral may 
be expected to exhibit monotropy; how easily this takes place; how con- 
stant the volume is at the dissociation point; and how constant is the 
constitution and microstructure beyond this point. 


Hydrous Aluminum Silicates and Clays 


(1) Slip Clays The least refractory types are the slip clays. These are 
ae: generally composed of very fine-grained particles of the 
kaolin minerals or perhaps in some cases of more or less material of the 
montmorillonite-beidellite type.*® In addition there are varying and 
sometimes considerable amounts of muscovite mica, hydrous iron oxides, 
and calcium and calcium-magnesium carbonates. The complexity of this 
mixture results in a relatively low fusing point at which the clay passes 
over into a liquid which eventually solidifies as a dark brown glass. There 
are no petrographic data available upon the behavior of the clay up to the 
fusion point. Undoubtedly the aluminum silicates first lose water and 
then dissociate into mullite and silica or into alumina and silica, as is the 
case with purer types of kaolin. The carbonates lose their content of COs, 
and the remaining bases and iron oxides probably combine with the silica 
in the clay, forming the basis for the glassy liquid. The alumina is ap- 
parently completely dissolved in the liquid, since one rarely finds crystals 
of mullite in the glass of a well-mixed and thoroughly fused slip clay. 
(2) Ball Cla These are similar to the slip clays but, again, they are not 
ys important as refractories. They are fine-grained and, 
in addition to kaolin, contain other clay minerals, more or less organic 
matter, and muscovite. They fuse rather readily but much less readily 
than slip clays. Far less liquid is formed and consequently mullite, usually 


® See paper No. II of this Symposium, p. 57. 
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in well-developed needle-like crystals, is the principal crystalline con- 
stituent of the fired mass. 
(3) Kaolins The behavior upon heating of kaolin or china clay 
(Al,O;-2Si0,2H,0) has long been a subject of investigation by various 
ex. chemical and physical means.*! Ross and Kerr 
have shown that there are at least three distinct, but very similar, 
kaolin minerals. Dehydration of these minerals is accomplished chiefly at 
temperatures between 400°C and 500°C and is complete at about 600°C or 
slightly higher. The three kaolin minerals differ slightly in their action, 
as shown by dehydration curves and X-ray photographs. 

Several different methods agree in indicating that the first important 
breakdown of kaolin is a dehydration with accompanying alteration of the 
crystal structure. What happens during the next temperature interval, 
from 600 to 1200°C, is not so clear. Probably kaolin first breaks up and 
then recombines at higher temperatures. Unfortunately the microscope, 
with its visual evidence, is useless during this interval. Even results 
obtained from X-ray studies are not now in agreement, but it is probable 
that they will eventually tell the true story. At approximately 1200°C, 
however, it has long been known that crystalline mullite is present together 
with an isotropic, glass-like constituent which may be cristobalite. 

(4) Montmorillonite The montmorillonite-beidellite types 


(Mg, Ca)O-Al,0;5Si0,nH,0); clay minerals generally form the 


the kaolin minerals in having a much higher content of silica and water and 
by the loss of most of the water content at temperatures of 120 to 140°C; 
this part of the water is easily replaceable. MgO and CaO seem to be 
essential constituents. The behavior of pure types of these minerals, 
when heated, has not been studied systematically. There is some slight 
evidence to indicate that they may dissociate into mixtures of mullite, 
diopside, and cordierite within a glass. 
, From the ceramic standpoint these min- 
+ H.0); erals are of no special importance. They 
Allophane (Al O;-SiO -nH,O) are generally considered . to be non- 
. . talline. They lose their water con- 
tent more easily than kaolin, but above 500°C they behave like kaolin and 
probably undergo similar changes. ce 
: Pyrophyllite become of some ceramic impor- 
tat Oak HO) tance in recent years. According to Mellor,* 
on — Wohlin,** and Stuckey,** it loses water more stead- 
ily and over a longer temperature range than kaolin, and is not completely 
dehydrated until above 850°C. No breaks similar to those of kaolin occur 
in the curve during the 600 to 1000°C interval. Presumably it dissociates 
directly to mullite and cristobalite. 
+s In recent years dumortierite has changed in 
ara 9) H,0) status from a relatively rare mineral to one 
on 9s that occurs in at least one deposit of sufficient 


$1 See papers Nos. II and IV, this Symposium, pp. 57 and 67. 

* C. S. Ross and E. V. Shannon, Jour. Amer. Ceram. Soc., 9 [2], 77-96 (1926). 
8 Trans. Ceram. Soc. [Eng.], 16, 13-(1917); 21, 104 (1922). 

Silikat-Z., 1, 225-(1913). 

% Jour. Amer. Ceram. Soc., 7 [10], 735-37 (1924). 
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size to produce commercial quantities for use in refractories and high- 
temperature porcelains.** 

After dumortierite has lost its water and boric oxide, its composition lies 
closer to mullite than does any other natural aluminum silicate. This fact 
is of great value, since it must, therefore, closely approach pure mullite in 
refractory qualities. Moreover, the presence of the water and boric oxide 
seems to aid its dissociation, since it dissociates into mullite and cristobalite 
at temperatures below cone 6,*” while the lowest dissociation point for the 
anhydrous aluminum silicates of the sillimanite group is about cone 12 
(1335 °C). By means of both microscopic and X-ray examination Bowen 
and Wyckoff** have also shown a similar dissociation. Thus a highly re- 
fractory mixture formed at a relatively low temperature is obtained, and 
of still further importance is the fact that the expansion in volume at 
dissociation is small, so that the mineral can be used without precalcina- 
tion. Once dissociation is accomplished, a very refractory mixture is 
available which will resist fusion and deformation well up toward the 
melting point of mullite. This behavior results from the fact that when 
dumortierite dissociates the amount of excess siliceous liquid formed is 
much smaller than when the sillimanite group minerals break down. 

Not only is the dissociation product of dumortierite very resistant to 
fusion, but it is also very resistant to changes in microstructure. One 
might expect that a mineral which breaks down at such a low temperature 
would show decided structural changes as the temperature increased, but 
because of its composition, these changes do not occur. When dumortier- 
ite first dissociates, the mullite crystals which are formed are very small 
and slender. If, by means of the microscope, the microstructure of sam- 
ples fired at intervals of two cones from cone 6 to cone 20 (1230 to 1530°C) 
is observed, it is apparent that there is little increase in the size of the 
mullite crystals and that the original structure remains practically the 
same. In fact, long exposures to elevated temperatures also show sur- 
prisingly slight changes. 


Anhydrous Aluminum Silicates 


(1) To It may seem absurd to class topaz as a possible refrac- 
(Al.(F OH) SiO.) tory, since it is naturally thought of as a gem stone and 
= “’ does not occur in a pure form as large ommercial de- 
posits, but when the recent rise of andalusite and dumortierite into posi- 
tions of great importance is considered, it may not appear so out of place. 
Topaz has distinct possibilities as a refractory. Previous to calcination, 

it falls into a chemical class similar to that of dumortierite in that it con- 
tains an active gaseous mineralizer—in this instance, fluorine. After 
calcination its composition becomes similar to that of the sillimanite 
minerals. It might, therefore, be expected to behave much as they do. 
Firings have shown this to be true*® since it is completely broken down into 
mullite and silica (probably cristobalite) at some temperature below cone 
16 (1465°C) and is truly monotropic. Although complete data are not yet 
available, it probably does not dissociate as readily as dumortierite. 


% A.B. Peck, Amer. Mineral., 11, 96-101 (1926). 
ad Unpublished data, F. H. Riddle and A. B. Peck. Nominal temperature of cone 
6 is 1230°C. 
* Jour. Wash. Acad. Sci., 16, 178-89 (1926). 
*® Unpublished data, F. H. Riddle and A. B. Peck. 
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Apparently its fluorine content does not aid dissociation as markedly as do 
the water and boric oxide in dumortierite. It may also be possible, how- 
ever, that ease of dissociation is more particularly controlled by some 
inherent structure of the minerals than by their composition. 


The Sillimanite Group 


Aside from the clays, the most important group of the alumina-silica 
minerals is the sillimanite group, which has come to the front rapidly in the 
last few years. It is composed of three minerals, sillimanite, cyanite, and 
andalusite.*® While of the same 
chemical composition (Al,O;-- 
SiO,), their behavior upon firing 
differs widely. All are ap- 
parently monotropic. 

The first deliberate attempt to 
use a mineral of the composition 
Al.O;-SiO, either in its natural or 
artificial form as a ceramic prod- 
uct was made in 1917 by A. V. 
Bleininger and F. H. Riddle*' at 
the Bureau of Standards. In this 
case an artificial calcine was used. 
The use of the natural minerals 
in refractories is of still more 


reig). recent date. With the discovery 


of workable deposits of these 

minerals, the study of their use in refractory materials has been increased 
until now their possibilities are very well known. 

The development of the practical use of cyanite and andalusite has been 


greater than that of sillimanite. The latter 
is known to occur only in small deposits at 
the present time. 

Among others, Peck*? and Greig*® have 
studied the dissociation of these minerals 
under different heating conditions. Riddle** 
has recently given a concise review of their 
possibilities as refractories. All members 
of the group decompose to a mixture of 
mullite and silica, but at different rates. 
Sillimanite has the highest dissociation tem- 
perature, while the dissociation tempera- 
tures of cyanite and andalusite are much 
lower and are rather close to each other, 
that of andalusite being slightly the higher. 
Expressed in cones, cyanite begins to decom- 


Fic. 2.—Andalusite, «partly 
dissociated (after Greig). 


“ See also paper No. III of this Symposium, p. 58. 

*t Report No. 33, Nat. Advisory Comm. for Aeronautics. 

*2 Jour. Amer. Ceram. Soc., 8 [7], 407-29 (1925). 

‘3 Thid., 8 [8], 465-84 (1925). 

“* Trans. Electrochem. Soc., 59, 35-51 (1931); Amer. Inst. Mining Met. Engrs., 
Tech. Pub., No. 460 (1932). 
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pose at about cone 11 (1325°C), andalusite at cone 13 (1350°C), and silli- 
manite only above cone 20 (1530°C). 

All of the minerals show a progressive change in decomposition, so that 
the factor of time as well as temperature is important. This will be 
touched upon later. In cyanite and andalusite, the dissociation begins at 
the outer surfaces of a grain and pro- 
gresses inward; in sillimanite it seems 
to take place almost simultaneously 
throughout the grain. This may be 
due to the markedly higher dissocia- 
tion temperature. As shown in Figs. 
1, 2, and 3, each mineral shows typi- 
cal dissociation structures. In cya- 
nite, the parallel needles of mullite 
intergrown with silica extend inward 
perpendicular to all outer surfaces of 
the grain. At very high tempera- 
tures the needles lose their pronounced 
parallelism. Inandalusite, they grow 
parallel to each other in one direction 


only and have an opposite optical 
elongation to that of the original Fic. 3.—Sillimanite, completely disso- 
grain, remaining so at higher tem- ciated (after Greig). 


peratures. In sillimanite they grow 
as in andalusite, except that the optical orientation is the same as the 
original grain. 

Following dissociation, the needles of mullite formed from andalusite and 
cyanite show slow progressive increase in size. Those formed from silli- 
manite are smaller because of the higher initial dissociation temperature. 

Not only do the monotropic dissociation products of these minerals 
differ in microstructure but, what is of great importance from the stand- 
point of commercial use, they also show marked differences in physical 
phenomena. When these minerals dissociate the mixture formed has a 
specific gravity of about 3.02. Approximate initial specific gravities are 
andalusite 3,20, sillimanite 3.23, cyanite 3.60 (Fig. 6). Thus, it is ap- 
parent that the decrease in specific gravity, when dissociation takes place, 
is very marked in cyanite and much less in sillimanite and andalusite. 
Account should also be taken of the fact that natural andalusite and silli- 
manite ores usually contain intimately mixed impurities which tend to 
lower the specific gravity of the raw material, while many cyanite ores are 
easily concentrated. It follows from these data that andalusite shows only 
slight expansion in volume at dissociation, sillimanite but little, and cyanite 
considerable. If cyanite is to be uSed in large proportions in a refractory, 
it would be safer, if not absolutely necessary, to precalcine it above its 
dissociation temperature. The other two minerals do not require this 
treatment. 

Some Interrelations of the Effects of Temperature, Time, and 

Grain Size 

The temperature factor has already been touched upon briefly in the 
foregoing discussions. It is obvious from the alumina-silica diagram“ that 
* See Figs. 1 and 2, paper No. IV of this series, pp. 65, 66. 
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any aluminum silicate containing less than 72% of Al,O; must dissociate 
at 1548°C or below into a mixture of mullite and a siliceous liquid. The 
amount of liquid present will 
depend upon the composition 
of the mineral; the higher its 
silica content, the greater will 
be the amount of liquid. 

The amount of liquid 
formed has an effect upon 
the dissociation product in 
two ways. First, with in- 
creasing temperature it tends 
to become less viscous and 
to cause the mass to be less 
resistant to deformation. 
Second, it acts as a liquid 
medium for the promotion 
of the increase in the size of 

Fic. os the mullite crystals, and this 
once. andalusi y dissocia tendency usually becomes 
mullite and gas The clear spots in the sound” more marked with rising tem- 
(after Riddle). ture. 

Obviously, if compositions 
are the same, a mineral having a lower dissociation point might be ex- 
pected to show more deformation as the temperature increased. Yet it 
might not show as sudden and severe deformation and failure as another 
mineral which had the 
same composition, but 
which dissociated at a 
temperature near the 
alumina-silica eutec- 
tic. 

Likewise, the lower 
the dissociation point, 
the longer will be the 
interval during which 
mullite crystals can 
grow in the liquid. 
This can be seen by 
comparison of the 
sizes of crystals of 
mullite formed by dis- 
sociation of the three 
sillimanite group min- 
erals when heated to Fic. 5.—Andalusite-corundum refractory after two 
the same point. years’ =. (AMG) (upper 

muilil an ass. mull 
is similar in many  (C) residual corundum (after Riddle). 
ways to that of tem- 
perature. For example, a comparison of Figs. 4 and 5 shows how, in a 
refractory under constant temperature conditions over a period of two 


SYMPOSIUM ON THE PHYSICAL CHEMISTRY OF REFRACTORIES io 


years, the crystals of mullite in the original andalusite grain have spread 
throughout the whole grain and have also increased in size throughout 
the groundmass. In the latter they have also increased in amount, but 
this is due to a reaction of siliceous liquid with corundum. A similar but 
probably not as pronounced effect could have been obtained by a shorter, 
very high fire. 

The effect of time is also apparent in another way, namely, in repeated 
firing. In Fig. 6, dissociation of cyanite 
and dumortierite, as indicated by the 
decrease in specific gravity, was com- 


plete at the end of the first firing, but ‘ FIRED THROUGH HARROP KILN 

in the case of andalusite and silli- is 

manite, the decrease continues with | \| _-South Dakota 

subsequent fires. In sillimanite, itis Silimanie 

probably due to impurities which are 3, ol <r 
Catiferma Andalusite 


present, since the sillimanite itself Mulite 3:2 rato 


shows no dissociation at these tem- 
peratures. In andalusite, it is due to [ Art Mulite 1-4 rato 
the gradual penetration of dissociation we 


from the exterior to the interior of the 

larger grains (see Fig. 2) and it is not Fro. 6.— Effect of time as expressed 
until the third fire that all grains have thenine 
completely decomposed into mullite. 

The artificial mullite of both ratios would obviously not be expected to 
show marked changes. 

It is apparent from these results that in dealing with such minerals where 
dissociations are concerned, the grain size of the material may have an 
important bearing on the behavior of the product. Just as an underfired 
silica brick can later cause much trouble, so also one can easily imagine 
what might happen with a coarse-grained cyanite brick, even though it had 
been previously fired to its dissociation temperature. There would very 
likely still be sufficient amounts of undissociated cyanite to cause serious 
subsequent expansion. 

There may be nothing new in principle in what has been said concerning 
the interrelationship between temperature, time, and grain size, but each 
factor plays its own definite part even after dissociation has occurred and 
must be borne in mind during any consideration of the unstable or mono- 
tropic behavior of the aluminum silicates and their ceramic products. 
to F. H. Riddle for some of his photomicrographs and unpublished data. 
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VI. Kaolins: Effect of Firing Temperature on Some of Their Physical 
Properties* 
By R. A. Hernot, W. L. Penperoast, anv L. E. Mono 
Samples of five kaolins, representing some of the important world 
sources, were fired at eight temperatures ranging from 1100 to (approxi- 


* The paper has been published in full in Bur. Stand., Jour. Research, 8, 199-215 
(1932); Research Paper 410. 
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mately) 1650°C. The chemical analyses and pyrometric cone equivalents 
(softening points) were obtained on the raw materials, the thermal ex- 
pansion, porosity, and specific gravity on the fired materials, and the petro- 
graphic analyses on both the raw and fired. X-ray diffraction patterns 
were made of Georgia, North Carolina, and Mexican (dickite) kaolins, and 
of mullite and cristobalite. 

The following results were noted: 

(1) The chemical and petrographic analyses show the Georgia and 
Zettlitz kaolins to be of greater purity than the North Carolina and Dela- 
ware kaolins or the English china clay. 

(2) The specific gravity of the Geamwie and Zettlitz kaolins is, in general, 
higher than that of the other three. 

(3) The porosity of the North Carolina kaolin is the highest and shows 
the least change over the range of temperature used. 

(4) The purer Georgia and Zettlitz kaolins, after being fired at some 

temperatures, show a linear thermal expansion between (approximately) 
100°C and 200°C that is decidedly greater than the corresponding ex- 
pansion of the other three kaolins. 

(5) Progressively increasing the firing temperature of the kaolins affects 
the thermal expansion of those containing the greater amount of foreign 
material to a less extent than it does those of higher purity. The former 
are also affected less by changes in the rate of cooling. 

(6) Addition of 15% muscovite to the Georgia kaolin did not measurably 
affect its P..C. E. (softening point), but after firing at 1400°C the thermal 
expansion of the mixture was greatly reduced when compared with that 
obtained on the kaolin alone after firing at the same temperature. Addi- 
tion of alumina in amounts based on the quantity of free silica present 
increased the mullite to almost 100% when certain of the materials were 
fired at the highest temperature. 

(7) Evidence is given which indicates that the high rate of expansion 
shown by certain fired refractory clays is primarily caused by the presence 
of cristobalite. This cristobalite may form as a result of (a) free quartz in 
the unfired material or (0) excess silica from the reaction involving the 
formation of mullite from clay. 

(8) X-ray diffraction patterns show the presence of cristobalite in one of 
the fired clays. The high rate of expansion caused by the inversion of the 
alpha to beta form begins approximately 75°C below the usually accepted 
lower limit of the temperature range of this inversion. 

(9) The high rate of expansion between approximately 100°C and 210°C 
due to the presence of cristobalite in some of the fired kaolins is similar to 
the expansion of cristobalite prepared from precipitated amorphous silica 
which also occurs between approximately 100°C and 210°C. 
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Abrasives 


Shape of abrasive grains. Henry R. Power. Metal Cleaning & Finishing, 4 [10], 
563-64 (1932).—In order to test the uniformity of shape and size of abrasive grains so 
as to fill specifications, an apparent density or shape test was developed. This is done 
by bumping or jolting a known weight of each variety in a vessel and then measuring 
the volume occupied by each. The grain that “packs” best and is of apparent high 
density is that which is most uniformly shaped. The equipment used is —, de- 
scribed. Illustrated. E.J.V. 

How polishing abrasives have been improved. Henry R. Power. Machinery, 38 
[10], 132-33 (1931); abstracted in Metals & Alloys, 3 [9], 277 (1932).—Manufacture, 
testing, grading, cohesion, and density are discussed. The use of aluminum oxide is 
mentioned. E.P.R. 

Abrasive wheel testing machine. C. Norman Fietrcuer. Mech. World, 92 (2388), 
336 (1932).—A machine has recently been introduced for the determination of the 
abrasive qualities of grinding wheels and of the wearing qualities of materials. The 
former determination is carried out by grinding a standard specimen under varying 
conditions to cover the test requirements, the latter, by adopting a standard wheel 
and uniform conditions while testing the resistance to abrasion of the different speci- 
mens concerned. The machine is designed to test grinding wheels ranging from 8- 
to 18-in. diameter and a speed regulator is provided so that the wheels may be tested 
at suitable speeds. The machine is arranged so that all sizes of wheels within its range 
can be run at a peripheral speed of 5000 ft./min., which is considered to be the recom- 
mended speed for normal grinding operations. The spindle is designed so that the 

Abrasives for scientific ts. E. J. Grant. Times Eng. Supp. [Recon- 
struction], 30, xliv (1932).—Research on the grinding and polishing of optical glass 
has led the British Scientific Instrument Research Assn. to the a 4 new 
abrasives and powders. H.S. 

Fine of metal surfaces. Frreprich Hutu. Emmailletech. Blatter, 

8 [10], 75-76 (1932).—A brief discussion of the materials used in producing different 
types of finishes on metal surfaces indicates that the polishing media include silica 
sand, chalk, iron oxide, chrome oxide, and tripoli. The separation of these materials 
according to the different grain sizes for different steps in the polishing process, the 
relative merits of each as a polishing medium for different types of metals, and the 

Notes on polishing stainless steel. W. E. Warner. Machinery, 38 [11], 181 
(1931); abstracted in Metals & Alloys, 3 [9], 277 (1932).—For polishing, a fine-count 
buffing wheel should be used at a surface speed of 10,000 to 15,000 ft./min. Emery 
powder with tallow or lard oil should be used as an abrasive. For final 
tripoli powder is used, finishing off with a dry cotton buffing wheel with no abrasive 
or lubricant. E.P. 

__ Polishing operations for aluminum ware. E. A. France, Jr. Abrasive Ind., 


The abbreviation (C.A.) at the end of an abstract indicates that it was obtained from Chemi- 
cal 
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{11], 16-17 (1932).—In the plant of the Aluminum Cooking Utensil Co., aluminum 
utensils are produced in a large volume and the grinding and polishing operations are 
interesting. E.P.R. 
Grinding magnesium alloys. W. E. Warner. Machinery, 38 [11], 170 (1931); 
abstracted in Metals & Alloys, 3 [9], 277 (1932).—-Wheels similar to those used for 
aluminum may be used at a work speed of 80 ft./min. and a peripheral speed of 1000 
ft./min. Silicon carbide wheels give the best results. They should be medium hard 
and of from 30 to 46 grain. Clogging of the wheel can be prevented by the use of a 
coolant, either kerosene or a 4% solution of sodium fluoride. Emery must ~~ be used 


for grinding Mg alloys. E.P.R. 
plete descaling before ding. Frank A. Depricxk. Amer. Machinist, 75 
[11], 814-15 (1931); a in Metals & Alloys, 3 [9), 277 (1932). —Complete de- 


sealing is essential to rapid and accurate grinding. Several tables show the relative 
time of grinding necessary when the descaling has been done by the scratch-brush 
method and when done by the Bullard-Dunn process. The latter process is more 
economical. Neither method of descaling is described. E.P.R. 

Use of sodium carbonate. ANon. Abrasive Ind., 13 [11], 12 (1932).—A coolant 
used successfully in the roll grinding field when all kinds of rolls are surfaced with vari- 
ous types of abrasive wheels is composed of 3 gal. of soluble oil, 150 gal. of water, and 
2 Ib. of sodium carbonate. E.P.R. 

Size-control technique in precision grinding. R. E. W. Harrison. 
13 [11], 13-15 (1932). 

soil turning ability. ANon. Abrasive Ind., fin 
11-12 (1932) 


PATENTS 


Grinding machine. R.N. Heap, W. J. Gump, A. P. Burns, anp G. E. GarRNo 
(Heald Machine Co.). U. S. 1,881,553, Oct. 11, 1932. L. F. Nennincer (Heald 
Machine Co.).- U. S. 1,881,870, Oct. 11, 1932. F. S. Haas (Heald Machine Co.). 
U.S. 1,882,814, Oct. 18,1932. G.A.DeVuirec. U.S. 1,883,612, Oct. 18,1932. James 
DRoONSFIELD (Atlas Works). U.S. 1,886,089, Nov. 1; 1932. T.C. Pew (Hoover Steel 
Ball Co.). U.S. 1,886,579, Nov. 8, 1982. C. V. Watter. U. S. 1,886,994, Nov. 8, 
1932. W.J. GutLp anp A. P. Burns (Heald Machine Co.). U.S. 1,887,154, Nov. 8, 
1932. 

Abrasive applying machine. F. J. Horton anp R. W. Lewis (General Spring 
Bumper Corp.). U.S. 1,881,590, Oct. 11, 1932. 

per grinding machine. C. H. Homan (General Spring Bumper Corp.). U. S. 
1,881,629, Oct. 11, 1932. 

Grinding apparatus. A. W. PHetrs (Delco-Remy Corp.). U. S. 1,881,96 Oct. 
11, 1932. L. C. Smrppy anp L. C. Goap (Delco-Remy Corp.). U. S. 1,883,016, Oct. 
18, 1932. C. H. Scrrurr (Lees-Bradner Co.). U.S. 1,884,293, Oct. 25, 1932. Fo._ke 
Ky_pBerc (Aktiebolaget Tonsor). U.S. 1,886,274, Nov. 1, 1932. 

Slide mechanism for precision grinding machines. C. E. VAN NorMAN (Van Nor- 
man Machine Tool Co.). U.S. 1,881,984, Oct. 11, 1932. 

Table traverse mechanism for grinding machines. H. A. SILvVEN (Norton Co.). 
U. S. 1,882,098, Oct. 11, 1932. 

Multiple grinder. C.T. Rave. U. S. 1,882,447, Oct. 11, 1932. 

Centerless grinding machine. J. F. Witit1ams (General Motors Corp.). U. S. 
1,882,465, Oct. 11, 1932. 

Abrasive device. F. O. ALBERTSON AND G. A. OLsEN (Albertson & Co., Inc.). 
U. S. 1,882,693, Oct. 18, 1932. 

Polishing machine. K.C.Bucc. U. S. 1,882,769, Oct. 18, 1932. 

Live center for lathes, grinders, etc. Apo_tpH Storm AND THOR THORSEN (Storm 
Mfg. Co., Inc.). U.S. 1,883,075, Oct. 18, 1932. 

Reaming and burnishing tool H. W. Znommerman (Automotive Maintenance 
Machinery Co.). U.S. 1,883,285, Oct. 18, 1932. 

Abrasive carrier for cylinder grinding tools. H.W. Zmmerman (Automotive Main- 
tenance Machinery Co.). U.S. 1,883,286, Oct. 18, 1932. 

Abrading roll. W.J. Mappox. U. S. 1,883,747, Oct. 18, 1932. 

Gear, lapping machine. C. H. Scuurr (Lees-Bradner Co.). U.S. 1,884,292, Oct. 
25, 1932. 

Abrasive element. E. J. Wem (Chrysler Corp.). U.S. 1,884,436, Oct. 25, 1932. 

Grin tool. J. E. Lopwy. U. S. 1,885,119, Nov. 1, 1932. 

Die la and grinding machine. Rupoir Bstex. U. S. 1,885,178, Nov. 1, 1932. 
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Abrading, , or polishing drum. B.G.Kuune. U.S. 1,885,452, Nov. 1, 1932. 
tus for ding and treating wire-clothed rollers. James DRonsFIEcp (Atlas 
Works). U.S. 1,886,088, Nov. 1, 1932. 
Hollow grinder for knives, etc. E.C.Ricuarps. U.S. 1,886,305, Nov. 1, 1932. 
Hone. M.N. PRanGce(E. M. Prange). U.S. 1,886,584, Nov. 8, 1932. 
Grinding machine construction. Jacos De Konrnec (Gallmeyer & Livingston Co.). 
U. S. 1,886,652, Nov. 8, 1932. 
Universal automatic grinder, polisher, or buffer. C.B. Larson (W. C. Hammond). 
U. S. 1,886,699, Nov. 8, 1932. 
Machine for sharpening mowing machine cutters. Jakos Nops. U. S. 1,886,717, 
Nov. 8, 1932. 
attachment for screw-thread grinders. A.M. Drake anv N. J. Crowgy 
(Pratt & Whitney Co.). U.S. 1,886,796, Nov. 8, 1932. 
Lapping machine. O. R. RELLER AND C. W. Havens (Moline Tool Co.). U. S. 
1,886,836, Nov. 8, 1932. F.C. Srurcis. U.S. 1,886,919, Nov. 8, 1932. 
Abrading machine. W.C.Gros. U. S. 1,886,878, Nov. 8, 1932. 
Device for use in grinding valves. H.W. anp M. De.iincer. Brit. 380,797, 
Oct. 5, 1932. 
Wood-grinding machines. A. N. Russe.t anp J. D. Ross. Brit. 380,906, Oct. 5, 
1932. 
Mechanism or apparatus for grin or re-needle pointing the dents of sg 
clothing on carding-engine cylinders, ers, etc. J. DRONSFIELD. Brit. 380,957, 


5, 1932. 

Buffing or polishing machines. Porter-McLeop Macuine Toor Co. Brit. 381,- 
253, Oct. 12, 1932. 

Polishing machines. Vorwerk & Co. Brit. 381,327, Oct. 12, 1932. 

Device for grinding and polishing cylinders. F. Kerrier. Brit. 382,063, Oct. 26, 
1932. 
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ents on the coloring and glazing of porcelains. E. Damour, M. Larcue- 
V£QUE, AND P. BREMOND. Céramique, 35 [535], 221-29 (1932).—The development of a 
muffle furnace which could be heated uniformly to high temperature made it possible 
to produce artistic ware by variations in the oxidizing or reducing character of the 
atmosphere. The essential apparatus included (1) a gas-fired furnace with metallic 
recuperators which could be fired to the maturing temperature of porcelain in 7 hours, 
and (2) a gas-tight refractory muffle furnace into which oxygen, hydrogen, and other 
gases could be introduced. The glazes were colored by precipitating a normal, neutral 
solution of a metal by an exactly equivalent amount of normal ammonia solution in 
such a way as to add about 1 to 2% of coloring matter to the glaze. Test pieces were 
made up having commercial glazes whose formulas are given and which, in an industrial 
kiln, produce the following colors: ivory, green, brown, yellow, black, lavender-blue, 
dark gray, and rose. The most interesting shades were obtained as follows: (O-oxi- 
dizing, R-reducing) manganese produced rose (O), titanium and tungsten, yellow (0), 
vanadium, black (R), cobalt, gray (R), nickel, brown, rose, or gray (O or R), and uran- 
ium, pale green, and yellow. In comparing metallic salts and glazes, it is pointed out 
that copper salts are colorless when dehydrated although copper silicates are colored 
in the glazes made at high temperatures. High-fire colors can be obtained by the three 
following methods: (1) Complex colored silicates or true glasses are developed to 
which the name high-fire glazes (émaux, literally enamels) is given. The influence of 
the composition of the flux is discussed. The gray color given by cobalt under highly 
reducing conditions is attributed to the formation of finely divided metallic cobalt. 
(2) Coloration by mechanical means is accomplished by the dispersion of the so-called 
“oxides” which are really aluminates, borates, etc., and work best when they corre- 
spond to a natural mineral. (3) Colors such as chrome-tin pinks are obtained in which 
deep coloration results from very small quantities of pigments and colloidal colors such 
as gold ruby. See also Ceram. Abs., 10 [6], 404 (1931). A.E.R.W. 
Iron oxide as coloring —_ in bodies and glazes. E.Brerper. Keram. Rund., 39 
[28], 403-404; [29], 423-24 (1931).—Directions for obtaining fiery red colors with 
iron oxide are given. Some of these are as follows: (1) For bodies, the ferric oxide 
content must be high (near 15%), the body lean with high sand content, the fire oxi- 
dizing, and the firing temperature low. (2) For glazes, the glaze must be of an aven- 
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turine type containing little else besides alkalis, PbO, B,O3, and SiO,., and the glost 
fire must be of low temperature and oxidizing. H.I. 
Body and glaze coloration by iron-bearing calcite. E.Berper. Keram. Rund., 40 
[4], 41-42 (1932).—Small amounts of iron in calcite, chalk, marble, etc., do not color 
the raw material perceptibly and are not observable on firing test pieces of the raw ma- 
terial alone. Mixing with finely ground silica and firing in bisque fire in oxidizing 
emvaere brings out the color well, due to the combination of CaO with SiO, freeing 
H.I. 
Colored engobes for pottery obtained from body clay. G. Jaké. Keram. Rund., 
40 [28], 357-59 (1932).—Rather plastic, red-firing, body clays may be used as a base 
for colored engobes by adding to them equal quantities of sand fairly iron free, as well 
as smaller amounts of chalk, zinc carbonate, or witherite which act as decolorizers. 
Coloring agents to be added to give specified colors are listed. H.I. 
Mat glazes. Anon. Keram. Rund., 40 (28), 360-62 (1932).—Formulas for three 
mat glazes are given. H.I. 
Conversion of glazes and the mixing of two glazes. W. Greiner. Keram. Rund., 
40 [20], 254-55 (1932). —Methods of calculating mixtures of glazes to obtain desired 
composition are given. H.I. 

d luster in ceramics. ANon. Ind. chimique, 19 [221], 465 (1932).—According 
to Heimbach the following composition produces a beautiful gold luster: 10 parts by 
weight copper sulphide, 5 iron sulphide, 1 silver sulphide, 12 red ocher, 12 silver ni- 
trate, 12 iron oxide, and 12 red bole. The luster results from the formation of thin, 
little mettalic scales which produce the effect by a partial refraction of the light. 

M.V.K. 
Preparation of liquid gold for the ceramic industry. P.P.Bupnixorr. Ukrainsky 
Silikaty, No. 3-4, pp. 87-89 (1931); for abstract see Ceram. Abs., 11 [2], 73 ey 
AP. 


Metal coating of ceramic products. Cart Rancke. Keram. Rund., 40 [5], 56-61 
(1932).—Methods of coating earthenware and porcelain with electrolytically deposited 
gold, silver, and copper are described. Recipes for coating baths are given. H.lI. 

damentals of decorating Otto Herrurts. Glashiitte, 61 [28], 505-508 
(1931); abstracted in Glastech. Ber., 9 [7], 411 (1931).—H. describes etching and gives 
directions for deep etching, grinding, acid polishing, photochemical etching, stamp- 
ing, and artistic etching. M.V.K. 

Practical hints for modern faience decoration. F. Wurts. Keram. Rund., 40 
[16], 301-203 (1932).—Formulas of mat glazes, simple white glazes, glazes suitable 
to receive overglaze decoration, and ceramic colors are given as well as proper methods 
of glaze and decoration application, etc. H.I 

Methods of decoration for earthenware and pottery bodies. EpuaRp ZiECHERT. 
Keram. Rund., 40 [6], 71-72 (1932). 

Photoceramics. Short introduction to production of photographs on porcelain and 
glass. F.Scnirrner. Keram. Rund., 40 [20], 251-52 (1932). 

New methods for designing figures on ceramic tile. O. M. Grvssurc. Ubratasky 
Silikaty, No. 6, pp. 90-94 (1929). S.L.P. 

White featured. Anon. Aris & Dec., 37 [6], 2 (1932).—Figures in blanc ri chine, 
glass, and modern porcelain are illustrated and described. B.H. 

Avoiding confusion in selecting color media. A.L. Powe... Elec. World, 100 {11}, 
350 (1932).—Names and numbers of tints applied to glass and other selective absorbing 
media are discussed. A suggested basis for standardizing color terminology 3 shown. 

Rationalization of ceramic art. P. IvaANTcHENKO. Ukrainsky Silikaty, No. 7, 
pp. 111-14 (1929). S.L.P 

Modern ceramics. ANon. Design, 34 [5], 123 (1932).—Three Art Alliance prize 
winners to be executed in Rosenthal china are dancers by Robert Cronbach, statuette 
by A. Kahamakoff, and African deer by Mable Perry. Two figures by Maud Mason 
were awarded prizes by the N. Y. Society of Ceramic Art. Illustrated. E.B.H. 

Ten-cent store art. Anon. Design, 34 [5], 122 (1932)—Decorative art shown at 
the Newark Museum emphasizes the fact that beauty is not always a matter of 45 

E 

Modern Swedish ceramics. I:rsze E.Tromm. Keram. Rund., 40 (6), 73-74 (1983); 
see also Ceram. Abs., 11 [9], 488 (1932). 

History of ceramics. ANON. Giorn. chim. ind. applicata, 14 [6], 329 (1983). — 
Among the subjects treated in the course on the history of ceramics given at Faenza 
from June to July, 1932, were ‘‘Glazes of old Italian majolica” and ‘“‘Majolica of the 
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Museum of S. Martino at Naples’’ by Orazio Rebuffat, and “Technical study of classic 
and oriental ceramics” and “‘Working fine white ware in Italy,’”” by Edmondo Valente. 
M.V.K. 
pottery and porcelain. W.H. Emmorr. Mid-Pacific Mag., 44, 115-18 
(1 , —The Sede of ware produced in the provinces of Hizen, Satsuma, Kyoto, Kaya, 
and Awari are described. Japan entered the U. S. markets during the World War 
oe exceeds any other country in quantity value of shipments of tableware — 
S. H.H.S. 
Chinese seals. FRANK Davis. Iilus. London News, 181, 324 (1932). H.H.S. 
Old English glasses. No. 35. Glass seals. F. Bucxiey. Glass, 9 [10], 435-36 
(1932).—Glass seals were probably the business of the ‘glass toymaker’’ or “‘glass- 
pincher” of whom a good deal is heard in Birmingham after 1750. The engraving of 
stone or glass was a long and careful affair, but designs on glass could be obtained easily 
by the use of a mold or die, and, once made, hundreds of seals could be stamped from 
the same mold. [Illustrations are shown of many seals, some carrying mottoes. For 
No. 34 see Ceram. Abs., 11 [12], 613 (1932). G.R.S. 
Rare Chelsea porcelain tureens. Brttamy GARDNER. Connoisseur, 90 [371], 
37-38 (1932).—Several pieces of Chelsea are identified from the catalog of an auction 
sale held at the Haymarket in 1755. The rarest of all are Lot No. 74, ““Two eels as 
big as life.” The eels, of iridescent brownish green with white bellies, are coiled in a 
spiral to form tureens holding a pint. It is conjectured that the early Chelsea mark, 
the trident, may have been derived from the spear used in catching eels. Survivals of 
Lot No. 55 are two mandarin duck tureens, one gray and one white, both with a few 
rushes embossed upon the breast. The mark is the anchor of the third period of manu- 
facture. Illustrated. E.B.H. 
teenth Century European porcelain. W.B. Honey. Connoisseur, 90 (371), 
43-44 (1932).—The claim of 18th Century porcelain to a leading place in the history 
of the art of that period is now admitted, being in many ways the most characteristic 
late baroque and rococo art done in an imperishable though fragile material. F. H. 
Hofman has written a history of 18th Century European porcelain, not headed under 
different factories, but collectively, from the first attempts to emulate Chinese to the 
dispersal of the secrets of hard paste. Under various headings it is most comprehen- 
sive. It is unusual in its appreciation of the special qualities of porcelain. The many 
illustrations include miniature china stalls, porcelain rooms, banquet tables, etc. As 
an encyclopedia of porcelain factories it has many errors and important omissions. 
Plates are well reproduced. E.B.H. 
Glass in the German museum in Munich. Lupwic Sprincer. Glastech. Ber., 9 
[11], 598-601 (1931).—The part of the Munich Museum reserved for the glass industry 
is described. M.V.K. 
Artistic window glass and styles of architecture. W.v.Eurr. Glastech. Ber., 9 [7], 
385-89 (1931).—The architecture of windows of the following different centuries and 
cultures is discussed: Roman, Greek, Persian, Chinese, Japanese, early Christian, 
Renaissance, and baroque styles. M.V.K. 
Near Eastern pottery. LeicH AsHTon. Connoisseur, 90 [373], 160-68 (1932).— 
A. recommends the new British Museum Guide by R. L. Hobson as a concise summing 
up of Near and Middle Eastern Islamic pottery divided into three periods, the early 
Mohammedan from a.p. 622 to 1200, the height of the Persian supremacy from A.D. 
1200 to 1400, and the period from 1400 onward certering in Turkey and Asia Minor. 
This article further discusses the latter period. The famous Rhodian ware with its 
floral patterns and predominating color note of sealing wax red from the Armenian 
bole is now rightly attributed to Isnik. The 15th Century pottery excavated at Miletus 
with its Sino-Persian scroll work is a type common to Syria and Asia Minor. The 
most splendid of the 16th Century pottery is the group with brilliant designs of flowers 
on a white ground stressing aubergine, tender leaf green, and a soft blue in the palette. 
A. maintains that pottery was made at Damascus, contrary to most opinions. Illus- 
trated. See also Ceram. Abs., 11 [11], 550 (1932). E.B.H. 
Persian ceramics. M.S. DmManp. Design, 34 [5], 110-11 (1932); for abstract see 
Ceram. Abs., 11 [12], 603 (1932); see also ibid., 11 [8], 438 (1932). E.B.H. 
Pottery from Peru. ANON. Design, 34 [5], 115 (1932).—Peruvian is | ae 
ing the spouted water vessel is illustrated. B.H. 
es in Guatemala. Anon. Illus. London News, 181, 178 (1932). i 
graphs are presented which were taken at Piedras Negras by the Eldridge R. yr. 
expedition of the Univ. of Pennsylvania Museum. HS. 
Dura-Europos discoveries. CrarK Illus. London News, 239-41 
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(1932).—Astonishing finds in Syria, including the earliest known Christian church 
with mural decorations, are recorded by the director of the Yale expedition. a 
Ceram. Abs., 11 [10], 514 (1932). H.HS. 
Secrets of Ancient STaNLEy Cassc Discovery, 13, 241-44 (1932).—Ex- 
cavations at Troy (American), Mideia (Swedish), emnos (Italian), and Athens (Ameri- 
are reviewed. H.HS. 
ew treasures of ancient Agean art. Gru.ro Jacorr. Jilus. London News, 181, 
156-00 50 (1982). —Photographs are presented of pottery from Rhodes and omer =. 


BOOK 


Child Life in Greek Art. Anita E. Kiem. xix + 55 pp. 40 plates. Columbia 
Univ. Press, New York, 1932. Price $5.00. Reviewed in Times Lit. Supp., 31, 608 
(1932).—The figures are mostly taken from vases and terra cotta figurines. H.H.S. 


PATENTS 


for goblet. R. C. Dizspenxkorn (Dohrmann Hotel Supply Co.). U. S. 
87,908, . 11, 1982. W.C. McCartney. U. S. 87,932, Oct. 11, 1932. 

for bottle. W. A. Nester (Obear-Nester Glass Co.). U. S. 
87,975, 18, 1932. 


we 3 for plate. E. L. Scunepr (Scammell China Co.). U.S. 87,981, Oct. 18, 
1932. .C. McCartney. U.S. 88,102, Oct. 25, 1932. 
Design for jug, etc. H.S. Wape (Owens-Illinois Glass Co.). U.S. 87,987, Oct. 18, 


1932 
Design for bottle. E.W. Fuerst (Owens-Illinois Glass Co.). U.S. 88,076, Oct. 25, 
1932. P.E.Leuman. U. S. 88,101, Oct. 25,4932. E.E. Kann. U.S. 88,152, Nov. 
1, 1932. E. W. Fuerst (Owens-Illinois Glass Co.). U.S. 88,225, Nov. 8, 1932. J. F. 
Koepren. U.S. 88,233, Nov. 8, 1932. 
for teakettle, etc. W.B. Moore (Moore Enameling & Mfg. Co.). U.S. 
88,103, . 25, 1932. 
for tumbler. T. J. Prazzoxi (Capstan Glass Co.). U. S. 88,106, Oct. 25, 
1932. A. D. Nass (Libbey Glass Mfg. Co.). U.S. 88,252, Nov. 8, 1932. 
Design for stove. C. L. Harpwickx. U. S. 88,148, Nov. 1, 1932. 
— for pitcher. A. D. Nasu (Libbey Glass Mfg. Co.). U. S. 88,253, Nov. 8, 
1932. 
Design for drinking glass. Henry Ross. U. S. 88,258, Nov. 8, 1932. 


Cements 


Bauxite and aluminous cements. Vicror CHarRIn. Ind. chimique, 19 [221], 
409-10 (1932).—Red ferruginous bauxite is used for the production of cement. Its 
average composition is 50 to 62% alumina, 6 to 10% silica, 18 to 24% iron oxide, 2 to 
4% titanium oxide, and 10 to 14% water. The product obtained from it is essentially 
an aluminous cement containing about 10% silica, 40% alumina, 10% iron oxide, and 
40% lime. The characteristics of this cement, setting and hardening, resistance, un 
decomposability, and use are discussed. M.V.K. 
Manufacture of Portland cement. VI. Properties of cement and effects of compo- 
nents. S.E. Hutton. Rock Prod., 35 [18], 25-27 (1932).—H. treats the relations be- 
tween the properties of Portland cement and its components and constituents. The 
importance of correct research, the relation between cement and concrete qualities, and 
the qualities of strength and durability are discussed. VII. Properties of cement and 
effects of components. Jbid., 35 [21], 10-11 (1932).—H. discusses the effect of various 
factors on appearance, plasticity, color, setting time, and soundness of cement. With 
respect to fineness, H. states that fine grinding contributes to quick setting, soundness, 
early strength, plasticity, density in concrete, strength in lean concrete, | to light- 
ness in color. For Part V see Ceram. Abs., 11 {11}, ' (1932). W.W.M. 
Recast analysis and its relation to the e ch of Portland cement. IV and V. 
Course of crystallization. Louis A. Dani. Rock Prod., 35 [18], 40-42; [20], 26-29 
(1932).—G. uses geometrical methods to explain the progress of the melt and the course 
of crystallization of Portland cement. VI. Course of crystallization beyond three- 
component system. Jbid., 35 [22], 28-29 (1932).—D. gives a method for calculating 
the course of crystallization of a cement composed of four components. For Part III 
see Ceram. Abs., 11 [12], 605 (1932). W.W.M. 
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Theoretical and practical developments in IV. Hans 
Koa.. Pit & Quarry, 25 [1], 25-31 (1932); for abstract see Ceram. A rhe 


(1931). 

Portland cement and ammonium sulphate. D.S. Dororzev anp Z. D. TrorrzKaya. 
Ukrain. Khem. Zhur., 6, 123 (1931); abstracted in Ind. chimique, 19 [221], 425 (1932).— 
Portland cement is manufactured from gypsum by the following method: 1300 g. of 
gypsum are mixed with 250 g. clay and treated under pressure in the presence of 17% 
ammoniac and CO,. The mixture obtained contains calcium carbonate and clay. 
It is washed to eliminate calcium sulphate, pressed into briquets, and fired for 10 hr. 
to 1450°; it is then pulverized. A high-quality Portland cement is ex 

.V.K. 

Composition of magnesium oxychloride. H.S. Lukens. Jour. Amer. Chem. Soc., 
54 [6], 2372-80 (1932) —Magnesium oxide dissolves in magnesium chloride solutions 
with the subsequent precipitation of a compound in which the ratio of magnesium oxide 
to magnesium chloride is 5 to 1 loosely combined with an unknown amount of water. 
The compound initially precipitated in solutions of magnesium chloride of concentra- 
tions above specific gravity 1.16 may be formulated 5MgO-MgCk-xH;O. This com- 
pound, on continued treatment with magnesium chloride solution of specific gravity 
above 1.16, is transposed to a new compound which may be formulated 3Mg0Q-MgClh- 
yH;O. No satisfactory method has been devised for determining the water content 
of the compounds as formed in solution. See also Ceram. Abs., 10 [9], 626 a) 


Formula for cement for marine use. W. MarscuNer. Zement, 20 [39], 875 
(1931); Rock — 35 [15], 36 (1932).—A patent for marine cement has been applied 
for which uses 7 0 parts cement, 30 parts phosphorite, and 300 parts sand. The free 
lime in the cement is converted into calcium phosphate, thus preventing attack by sea 

W.W.M. 


Water absorption of setting cement. P. Haense:., R. Sremmerz, anv C. L. 
Wacner. Zement, 20 [50], 1048-52; [51], 1064-69 (1981); Rock Prod., 35 {15}, 36 
(1932).—The authors studied the the setting of cement by centrifuging the mixes at dif- 
ferent intervals of set and examining the consistent cement pastes and solutions ob- 
tained. The tests and results are reported in detail in the original article. W.W.M. 


Free lime in cement and effect on Gorrrn AND G. Musscnuc. Zement, 

21 [3], 145-48; [3], 178-80 (1932); Pa & , 24 [5], 43 (1932). E.P.R. 
tion indicates “Brownmillerite” exists. Serspan Soraco.u. Zement, 21 
{5}, 301 (1932); Pit & Quarry, 24 [7], 47 (1932).—In an investigation suggested 


by Kihl and carried on with the collaboration of the Cement Technology Institute of 
the Berlin Technological College and the Kaiser Wilhelm Institute for Silicate Re- 
search, S. established by chemical and X-ray methods the existence of the ternary com- 
pound known as “‘Brownmillerite,”” 4CaO-AlO;-Fe:O;. This compound is stable even 
with an excess of lime, the surplus lime remaining uncombined; there is no separation 
into tricalcium aluminate and dicalcium ferrite or into a mixed crystal of dicalcium 
ferrite and Brownmillerite. Analogy of structures calculated with the help of the 
molecular volumes verifies the isomorphy, recognized by Brownmiller, between 
Brownmillerite and dicalcium ferrite and the possibility of the formation : mixed 


E.P.R. 
Japanese standard specifications for Portland cement, 1930. Assn. or JAPANESE 
PORTLAND CEMENT ENGINEERS. Rock Prod., 35 [20], 29 (1932). W.W.M. 


PATENT 


Preparing a glassy drying substance from cement with or without colors. H.M. pr 
Lance (J. F. Barr and Dirk de Lange). U.S. 1,886,379, Nov. 8, 1932. A process for 

preparing a material for mixture with cement consists in slaking quicklime with a soap 
solution and mixing the dry material so obtained in a solution obtained by mixing cal- 
cium chloride, hydrochloric acid, aluminium, and water. 


Enamels 


Enamel science... XX. Eysr.. Emailletech. Monats- Blatter, 8 {8}, 62 (1932).— 
The defects produced in ground-coat enamel surfaces by rust spots on the sheet metal, 
by the development of manganese sulphide-iron sulphide eutectics on the surface due 
to improper -neutralization and washing off of the pickling bath, and by impurities left 
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on the surface in cleaning it preparatory to enameling are discussed. XXI. /Jbid., 
8 [9], 70 (1932).—In firing a ground coat a higher temperature is used than for firing 
a cover coat but the heat treatment can not be long enough to bring about a complete 
vitrification of the ground coat. The a, of a black ground coat is.discussed. 
Compositions of fritted and unfritted black ground coats and the proper treatment 
of each are given. XXII. Jbid., 8 nol, 78 (1932).—The production of majolica 
enameled cast iron is discussed, using black ground coat covered with white cover coat 
and then applying the different colors. The type of ground coat to use in enameling 
bathtubs is discussed and some batches and treatments are given. For Part XIX see 
Ceram. Abs., 11 [10], 517 (19382). E.J.V. 
Measurements of thermal coefficients of expansion of cast-iron enamels for the 
vention of and scaling. WaLTeR Kerstan. Emailwaren-Ind., 9 [39], 
300 (1932).—The thermal expansion curves of several satisfactory and several faulty 
enamels are eompared with those of the cast iron to which they were applied. The 
results show that the expansion of the enamels is not a linear function of the tempera- 
ture. See following abstract. W.W.B. 
Measurements of thermal expansion of cast-iron enamels for the prevention of hair- 
lining and scaling. Il. Waiter Kerstan. Emailwaren-Ind., 9 [40], 306-308 
(1932).—Methods of determining whether the expansion of the enamel fits that of the 
cast iron are discussed, and a number of graphs comparing the thermal expansion of 
different enamels with that of the cast iron to which they are to be applied are given. 
For Part I see Ceram. Abs., 11 [11], 554 (1932). W.W.B. 
ie e analysis of the raw materials used in enameling. V. ANon. Emailwaren- 
Ind. |Email], 4 [9], 49-50 (1932).—The general properties, distinguishing charac- 
teristics, and analysis of fluorspar and calcium carbonate are simply discussed. For 
Part IV see Ceram. Abs., 11 [12], 606 (1932). W.W.B. 
Lepidolite enamel and how to replace it. E.I. Ortov. Ukrainsky Silikaty, 1 1, 
pp. 1-2 (1931). S.I 
and use of colored enamels. I. Pre 
Fe.ttows. Better Enameling, 3 [10], 18 (1932).—The discussion preparation of 
colored enamels is divided under the headings of frit and oxides. Frits for steel and for 
cast iron for various colored enamels are discussed and the proper choice of oxides in 
order to keep down the cost of the enamel is illustrated. The conditions under which 
the enamel is to be applied must be considered in matching colors. W.W.M. 
Action of adhesive oxides in ground-coat enamels. K.Bryvertemy. Keram. Rund., 
40 [16], 205-208; [17], 221-22 (1932).—B. concludes from experiments with the appli- 
cation of oxides of nickel, cobalt, arsenic, antimony, and phosphorus to sheet iron that 
(1) it is possible under certain conditions to reduce small amounts of the oxides to the 
metals on sheet iron but that such metallic particles are not the real cause of the adhe- 
siveness of the enamel, and (2) the adhesive oxide acts in part as a protection against 
resolution of the ground coat and in part as a contact substance to take up oxygen 
after the “planing” of the enamel. H.I. 
Cover coats for sheet steel. L. STUCKERT. Ceram. Age, 20 [3], 97-100 (1932).— 
S. describes cover coats for steel and cast iron using both wet and dry processes. A 
table of leadless cover coats is included. R.G.M. 
Ground coats for cast iron. L.Sruckert. Ceram. Age, 20 (2), 60-65 (1932).—S. 
discusses the problem of cast-iron ground coats and presents tables showing ground- 
coat compositions. A triaxial diagram showing compositional areas of good ground and 
cover enamels with respect to components and properties is given. R.G.M. 
Heavy ground-coat enamels for thick metal sheets. Lanc. Keram. Rund., 40 
[18], 232-33 (1932).—Practical hints for the production of thick ground coats suitable 
for sheet metal are given. H.I. 
Enameling of sheet-iron by wet process. SypNney Vickery. Clay Prod. 
News, 5 [9], 6-7; [10], 6-7 (1932).—V. writes on the enameling of sheet-iron parts 
by the wet process, covering the topics of selection of base metal, design of base, fabri- 
cation of the base metal, cleaning of metal, ground coat and its control, dipping of 
ground coat, milling and firing enamels, spraying and drying, and brushing. Success 
depends upon cleanliness, control of all operations and materials, and the speed with 
which the ware is worked through the different operations in the shop. W.W.M. 
Firthg of sheet-steel enamels. ANon. Ematlwaren-Ind., 9 41), 313-14 (1932).— 
The most satisfactory conditions of time and temperature for ring enamels on thin 
sheet steel are discussed. W.W.B. 
rye hes effect of direct firing on porcelain enamel sheet steel. American Gas 
ASSN. ‘am. Ind., 19 [5], 235 (1932).—The Association is doing research on the di- 
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rect firing of enameled sheet steel with gas. It has found that the production of this 
ware is more difficult than the direct firing of other ceramic ware. W.W.M. 

Fourth report on the heterogeneity of steel ingots. Anon. Jour. Iron Steel 

Inst. [London], Advance Copy (1932).—This report contains a section devoted to 

pyrometry which covers the following subjects in a general way: calibration of optical 
pyrometers, comparison of optical pyrometers under work conditions, experiments 
with thermocouples for measuring the temperature of liquid steel under work condi- 
tions, and ingot mold temperatures. Another section treats of the thermal and — 
cal properties of ingot mold irons. J.B 

Manufacture of sheet iron. Huco Keram. Rund., 40 [22]}, 280-82 
(1932).—S. describes the usual methods of manufacture. H.I. 

Sicromal steels as heat-resistive materials. ANON. Emailwaren-Ind., 9 
284-86 (1932).—The use of “Sicromal” steel in enameling plants is discussed and its 
advantages at high temperatures are pointed out. W.W.B. 

Equipment for cleaning metal. R. W. Mircuett. Melal Cleaning & Fin- 
ishing, 4 [10], 541-45 (1932).—The discussion of electrolytic cleaning in alkaline solu- 
tion is completed in this installment, and electrolytic acid cleaning is introduced. The 

particular adaptability of each type is given. Illustrated. For Part XXI see Ceram. 
7, 11 [12], 607 (1932). E.J.V. 

Cleaning castings by means of water-sand mixtures. Frieprich Hutu. Emaille- 
tech. Monats-Bléatter, 8 |8|, 60-61 (1932).—In cleaning castings by means of silica sand 
driven by water under pressure there was formerly a loss of silica sand due to the mix- 
ing in of the finer molding sand that had adhered to the castings. A method of re- 
covering the silica sand by means of washing through a series of screens is outlined. 

E.J.V. 

Cleaning metals for enameling. Review of enamel research. A. I. ANDREWS. 
Ceram. Ind., 19 [5], 234 (1932).—A., speaking at a meeting of the Enamelers’ Club in 
Chicago, ‘told of work at the University of Illinois on abrasion resistance of enamels, 
on studying opacifiers with the X-ray, and on the coefficient of expansion of enamels. 
He also spoke on the cleaning of metals preparatory to enameling, describing the saponi- 
fication and emulsification actions of the cleaning solution. W.W.M. 

Oriental enameled boxes. ANoN. Christian Sci. Mon., 24 [291], 7 (1932).—A 
brief description of Chinese silver enameled boxes decorated with every type of enamel- 
ing, walled, sunken, raised, and painted glazes, is given. Comparisons of these with 
similar articles produced by other Oriental artisans are made. E.J.V. 

Electric enamel furnace. Matn. Becker. Emailletech. Monats-Blitier, 8 
59-60 (1932).—The electric enamel furnace combines all the characteristics most de- 
sired in that part of the plant equipment. It is ciean, requires few repairs, is flexible 
in operation and durable, gives long service, and is economical in operating expenses. 
The claim of high cost of current is shown to be negligible if the ground coat is fired 
at night when power rates are lower; the lower temperature firing of finish coat or deco- 
ration is done during the day. Rapidity of heating from cold to operating tempera- 
ture or from one temperature range to another is stressed. The only disadvantage 
is the requirement that all current be shut off whenever it is desired to remove a firing 
rack or any pieces of ware that may have fallen into the furnace from the rack, this 
being a safety measure. E.J.V. 

Furnace for melting enamels. A. A. Popov. Ukrainsky Silikaty, No. 5-6, 
pp. 106-12 (1930). S.L.P. 

Muffie furnace for enameling bathtubs. H. Rerxy. Keram. Rund., *. (26), 
333-35; [28], 359-60 (1932).—A calculation of the heat balance is given. 

Electrically heated enamel furnace for bathtubs. Oskar KERSTAN. Cleats 62 
[23], 396-98 (1932).—K. describes in detail a new electric furnace regulated auto- 
matically at 970°C quite uniformly. Data on the cost of operation of such kilns are 
given. M.V.K. 

Calculation of the fuel consumption of an enameling furnace. P. voN NoRDHEIM. 
Keram. Rund., 40 [11], 137-42 (1932).—As an example of methods of calculating heat 
balance for enameling furnaces, a specific furnace for ground-coat firing on pails using 

a’”’ coal is given. The waste heat and useful heat are itemized. H.I. 

Welding patterns in the enamel industry. W. Greiner. Keram. Rund., 40 (20), 
253-54 (1932). HI. 

Contract or piece work in enamel plants. R. Becker. Emailletech. Monats- 
Blditer, 8 [9], 68-69; [10], 76-77 (1932).—Though considered impractical for a long 
time, work by contract or piece work is applicable in enamel plants. B. points out 
cases where the production was increased through the introduction of the system. 
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Two ways of putting the contract pay method into effect are by the weight of prime 
finished ware basis and by the piece basis. 


J 
of enameling (early history). Better 3 [10], 
igi y samples of enamel 
described. Early examples of enameling have been found in widespread localities 
throughout the world and they represent a number of different types, viz., champlevé, 
basse-taille, cloisonné, plique-a-jour, painted enamel, encrusted, and miniature painted. 


W.W.M. 
Improvemen = methods in enamel factories. W. GreErver. 
Keram. Rund., HI. 
PATENTS 


Production of porcelain enamels. Kart Tirx (Porcelain Enamel & Mfg. Co.). 
U. S. 1,882,344, Oct. 11, 1932. In the production of porcelain enamels, the steps of 
allowing a completely smeltered enamel having an opacifying agent present to cool to 
a temperature substantially below the smelting temperature to allow the opacifying 
agent 7 develop its full opacifying qualities and thereafter solidifying the so-called 
ename 

Apparatus and method for making glass-coated pipe coils. GusTAv VON DEN 
STEINEN (Giascote Co.). U.S. 11, 1932. 

wae | hollow-ware articles. . E. SCHMIEDEKNECHT (Standard Sanitary Mfg. 
U. S. 1,882,652, Oct. 11, 1082. 

ethod of assembling enameled article. O. H. Grzs (Detroit Vapor Stove Co.). 
U. S. 1,883,897, Oct. 25, 1932. 


Glass 


Contributions to the theory of ay formation and the glassy state. E. Bercer. 
Jour. Amer. Ceram. Soc., 15 [12], 647-77 (1932); see also Ceram. Abs., 11[10], 520 (1932). 
Quantitative analysis of glass. H. Ritter. Glastech. Ber.,9 [12], 665-71 (1931).— 
The methods given by Berg (Z. anal. Chem., 70, 341; 71, 23, 171, 321, 369; 72, 177 
(1927); 76, 191 (1929)) for the quantitative determination of metals by means of o- 
oxyquinoline can be used for the analysis of simple alkali-lime glasses and compound 
borosilicate glasses. It is possible to determine rapidly SiO., FexO;, Al,O;, ZnO, BaO, 
CaO, and MgO with the help of a special oxyquinoline method developed for glasses. 
It is generally sufficient to use 1 g. of glass even when some metallic oxides like iron 
oxide and magnesium oxide appear in the in small quantities. The presence of 
boric acid (also in amounts larger than 10%) does not interfere with the carrying out 
of the oxyquinoline method. On the basis of a series of mixtures which correspond to 
the composition of some known glasses, it is shown that the isolated metallic oxyquino- 
lates can be ascertained gravimetrically and titrimetrically with great exactness. 
Analyzing glass according to the o-oxyquinoline method saves much time. M.V.K. 
Opal glass and its selective properties. P.Wacurt AND J. Dourcnon. Lux ( Rev. 
d@’Eclairage), pp. 30-31 and 51-55 (1930); abstracted in tech. Ber., 9 [12], 674 
(1931).—The theory of Zschimmer on opaque glasses is discussed and the formulas of 
permeability developed by Rayleigh, Boutaric, Cheneveau, and Audubert are — 
Relation between the optical properties and the chemical constitution of soda-lime- 
silica glasses opacified with fluorides. Oscar Knapp. Sprechsaal, 65 (39), 707-708 
(1932).—Glasses opacified with fluorides were stoichiometrically separated into trans- 
parent glass matrix and opaque glass, and the mol per cent of opacifying salts present 
was calculated. Simple relationships between the mol per cent of opacifying salts and 
the optical properties were determined: (1) Representing the per cent of transmission 
by D, log D = 0.031 (mol per cent NaF + CaF;) + 0.68. (2) The per cent of ab- 
——- A = 17.C0-3.4 (mol per cent NaF + CaF;). (3) The per cent of reflection 
= Fos (D + A). W.W.B. 
at on soda silicate glass containing FeO and Fe,O,. CHrisTeL 
Glastech. Ber., 9 [11], 577-97 (1931).—Systematic experiments 
were made on FeO and Fe;O; glasses having soda silicate glass as a basic glass. The 
absorption of the exactly analytically defined glasses was spectrophotometrically 
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determined in visible light, in the short wave ultra-red, and in the long wave ultra- 
violet rays. To explain the constitution of iron silicate glasses, orientating measure- 
ments of the magnetic susceptibility were made. M.V.K. 

Separation of silicate melts. D.S. Beyianxin. Keram. i Steklo, 8 [5-6], 10-12 
(1932).—B. discusses the researches of Schvetzov on the separation of glass and con- 
cludes that the phenomena observed by Schvetzov may be explained by the nonsimul- 
taneous melting of the elements of feldspar and partly by the inter-reaction between 
the glass and the sides of the crucible. M.V.K. 

Study of chemical reactions in melting potassium borosilicate glass. M.A. Brs- 
BORODOV AND L. M. Smperrars. Ukrainsky Silikaty, No. 11-12, pp. 265-73 — 
for abstract see Ceram. Abs., 9 [9], 720 (1930). 

Theories of the art of glassmelting and glass manufacture. M. ZsSCHIMMER. A 
Chem., 45 [39], 620-21 (1932).—In the future, industrial glasses will be studied from 
the standpoint of three component systems of CaO-crystals, Pb-crystals, and resistant 
groups. The main interest of the glass industry will be in the action of a fourth and 
fifth oxide on this system. In each ternary system there is only a small region of in- 
dustrially important glasses bounded by a “glass line.’’ Within this line the glass con- 
stants, as they depend on temperature, appear as simple, regular curves. The glass- 
blowing machine of Owens is especially sensitive to temperature and alkali content of 
the glass. This is due to the fact that the viscosity of a melt increases appreciably 
with a decrease in alkali ('/:0%) or the lowering of the temperature (3° at 1000°). Z. 
predicts that the rotary glass kiln will be used extensively in the future. L.T.B. 

Processes in the softening interval of glass. G.TAMMANN. Angew. Chem., ‘? [30], 
620 (1932); for — Abs., 11 [10], 520 (1932). 

Resistance of glass in e tropics. W. Tepont. Céram. Verrerie, No. “$32, 
pp. 553-54 (1931).—T. by higher temperatures and greater relative humidity as 
the reasons for greater alteration of glass in the tropics. The hydrolysis of glass is 
discussed. See also Ceram. Abs., 11 hil, 560 (1932). M.H.B. 

Constitution of glass. B.G. ’ PODOLSKY. Ukrainsky Silikaty, No. 11-12, ve 473- 

LP. 


77 (1928). 
Soda-lime-silica glass as a ternary system. O.S.Frporov. Ukrainsky ag 
No. 1, pp. 21-26 oo S.L.P 
Sources of trouble in the production of high-grade glass from continuous tanks. Ss. 
Guss. Keram. Rund., 39 [45], 625-28; [47], 656-59 (1931). H.I. 
Avoiding danger of explosion in silvering glass. Jacgues Wotr. Keram. Rund., 
39 [30], 434-35 (1932).—In using the alkaline sugar process for silvering glass the 
following precautions should be observed to avoid explosions: (1) the ammoniacal 
silver solution and the caustic potash solution must be made separately and be diluted 
before mixing, (2) the silvering liquid must be protected against sunlight in a brown 
flask or kept in a dark place, (3) the silver solution must be made not more than one 
or two days before using, (4) the KOH solution must be poured into the silver solution, 
not the reverse, (5) in making the reducing fluid the concentrated acid must be poured 
cautiously into the sugar solution, (6) the ammonia must be poured into the silver ni- 
trate, not the reverse. See also Ceram. Abs., 11 [4], 238; [11], 561 (1932). H.I. 
Magnesium glass for electric light bulbs. M. A. Besporopov. Ukrainsky Sili- 
katy, No. 5, pp. 128-30 (1931). S.LP. 
Progress in the glass industry. I. S.I. Perxar. Ukrainsky Silikaty, No.1, pp. 29- 
31 (1927).—Methods of sheet glass manufacture by hand and by machine (Lubbers, 
Fourcault, and Libbey-Owens) are reviewed. II. Jbid., No. 2, pp. 71-75 (1927).— 
P. deals with the manufacture of plate glass (Ford process), Triplex glass, electric light 
bulbs, and glass tubes. The properties and uses of a glasses, optical, chemical, 
etc., are discussed. III. Jbid., No.3, pp. 119-21 (1927).—The composition and proper- 
ties of transmitting and absorbing glasses, Pyrex, silex, and other special glasses are 
given. S.1.P. 
Nonshatterable glass, “Triplex.” M.I. Amossov. Ukrainsky Silikaty, No. 11-12, 
pp. 334—40 (1931). S.LP 
Composition of glass made by machinery. S. I. Perxar. Ukrainsky Silikaty, 
No. 3, pp. 47-53 (1930). S.LP 
Chemical elements in glassmaking. M. A. Bresporopov. Ukrainsky Silikaty, 
No. 6, pp. 155-63 (1931). S.LP 
“Schmelzhirte” of glazes. E. I. Ortov. Ukrainsky Silikaty, No. 2, pp. 37-39 
S.I.P 


(19381). 
Experiments in glassmelting with briquetted batches. M. F. Sxur anp L. M. 
SILBERFARB. Ukrainsky Silikaty, No. 10, pp. 225-28 (1930). S.L.P. 
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Introduction of alumina in glass. S.I. Perxar. Ukrainsky Silikaty, No. 11-12, 

pp. 293-95 (1930). S.LP 

Replacing soda ash by rocks in the glass industry. I. U. Tzerriin. Ukrainsky 
Si » No. 8-9, pp. 277-81 (1931). S.L.P. 

prebtek. of F. Baver. Glashiitte, 61 [42], 749 (1931); abstracted in Glas- 
‘ol? Ber., 9 rity 672 (1931).—Soda stored for 1 or 2 years produced a better pot glass 
than fresh soda when the former was finely sifted (25 sieve per sq. cm.), the batch well 
mixed, and the higher water content of the batch considered, because stored soda ab- 
sorbs humidity. M.V.K. 

Réle of certain raw materials in glass composition. ANon. Keram. Rund., 39 {33}, 
478-79 (1931); Glastech. Ber., 10 [3], 183 (1932).—The advantages and disadvantages 
of borax, barium carbonate, burned lime, and the natural alkali-bearing rocks — as 
phonolite (trass) are enumerated. 

Borax d of potash in glass batches. Anon. Keram. Rund., 40 4 ‘i78 
(1932).—When borax is substituted for potash, glasses show greater resistance to shock, 
pressure, and chemical attack, higher luster, and lower thermal expansivity. Borax 
is a good planing medium in melts. Borax may be substituted for potash to the ex- 
tent of 3 to 6% of the weight of sand depending upon the type of glass melted. In 
greater quantities than this there is marked attack on the tank walls. To avoid ex- 
cessive tank attack borax must be intimately mixed with other batch nn be- 
fore entering the tank. 

Rare earths in glass manufacture. ANON. Glastech. Ber., 9 [9], 520-21 (198i). — 
Rare earths used in the technique of illumination can be employed for the manufac- 
ture of colored glasses. Varied color effects are obtained according to the source of 
light, thickness of the glass, and the position of the observer. Glasses containing 
neodymium and praseodymium appear dull pink in the daylight; with artificial light 
they are salmon red. Other glasses are greenish blue in the daylight and deep salmon 
red in artificial light. The red and blue in a landscape seen through a neodymium 
glass appear much deeper; this fact is important in measuring and surveying. 

M.V.K. 


ental melting of glass from Mariupol’s nepheline ag at the glassworks 


of eae L. E. Krusner. Ukrainsky Silikaty, No. 10, 285-90 (1931). 
S.LP. 
Glass in scientific instruments. E. J. Grant. Times Eng. Supp. [Reconstruc- 
tion], 30, xliv (1932).—Great durability is essential in optical glass if filming on lenses 
and prisms is to be avoided, particularly in warm damp climates. The British Scien- 
tific Instrument Research Assn. has devised methods for prevention of filming. 
H.H.S. 
Polished plate glass. O.V. Glaces et Verres, No. 8, pp. 9-11 (1929); abstracted 
in Glastech. Ber., 9 [10], 564 (1931).—The paper gives a compilation of the chemical 
and physical properties of plate glass and some data on the selection, use, thickness, 
standard size, and transportation of plate glass. M.V.K 
Discovery of blue cobalt glass. BrERNHARD NEUMANN. Glastech. Ber., 10 [9], 
477-80 (1932).—The various versions of the story of the discovery of blue cobalt glass 
are critically considered. Peter Weidenhammer of Schneeberg was probably the ac- 
tual discoverer of the blue cobalt color, shortly after 1500 a.p. Christoph Schuerer, 
soon, thereafter, began the manuracture of cobalt blue glass and smalt. Numerous 
analyses by N. of ancient Egyptian and Roman blue glasses show that the quite gener- 
ally accepted view that these glasses contain cobalt is erroneous and may be traced 
to an error in analysis by Davy in 1815. The only sample of ancient glass in which 
any cobalt has been found is some “artificial lazurite’’ dating back to 1450 B.c., dis- 
covered a few years ago by an expedition of the University of Pennsylvania at Nippur 
in Babylonia. W.W.B. 
Identification of several Thuringian on of the 17th Century. Hersert Ktu- 
NERT. Glastech. Ber., 10 [9], 493-97 (1932).—Several famous artisans of the 17th 
Century are discussed and their work is described and illustrated. Chief of these are 
the “Schwartzburger Willkomm”’ of 1669 and the artist who made it, Hans Mueller; 
the London Martin Queck glass of 1678, and the relation of the Queck family to the 
Greiner family of Lauscha; the Berlin Doebrich glass of 1676, and the relation of the 
Doebrich family to the Greiner family. See also Ceram. Abs., 11 [11], = (1932). 
.W.B. 
Determination of the transmission factors of colored signal lenses. H. BuckLey. 
Trans. Opt. Soc. [London], 32, 66-68 (1930-31).—The factors entering into reg 
metric measurement of colored signal lenses are discussed. ips 
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Colored eye-protecting glass. F.U.Biske. Ukrainsky Silikaty, No. 2, pp. 33-37 
S.L.P 


(1931) 
Artificial precious stones from glass. S.I. Perkar. Ukrainsky Silikaty, No. 5-6, 
pp. 112-15 (1930).—P. reviews strasses and colored imitations of glass. Fifty recipes 
and compositions are given S.L.P. 

Significance of measurements for determining self cost in the te glass industry. 
L. von Rers. Glastech. Ber., 9 [7], 396-401 (1931).—R. discusses (1) purposes of meas- 
urements, (a) determining self cost, and (6) supervising operations; and (2) a 
measurements, (a) raw glass, (d) polishing, and (c) grinding. M.V.K. 

Working curves of instruments used in grinding and polishing plate glass. Tuomé. 
Glastech. Ber., 9 (6), 341-45 (1931).—It has been mathematically determined in what 
way the energy of grinding and polishing disks is distributed over the width of the glass 
plate. The distribution of the energy is represented in curves (working curves), and 
the influence of the shape of the disks, their disposition, and movement on the uni- 
formity of the distribution of the energy is determined. The influence of the size of 
the disks is also discussed. M.V.K. 

Convection currents in glass in tank furnaces. S. G. LiozNyYANSKAYA AND G. Y. 
ZuuKovsku. Sprechsaal, 65 [41], 741-45 (1932); for abstract see Ceram. Abs., 11 [7], 
408 (1932). W.W.B. 

Flow currents in automatic king in the Owens process. II. Special 
current configuration in finished bottles. W. Errer. Glastech. Ber., 10 [9], 469-77 
(1932).—The ideal distribution of the stress lines in the Owens bottle is described and 
illustrated. The unsymmetrical distribution of these lines due to discontinuity of flow 
is shown. The distribution of stress lines in the Owens bottle is compared to that of 
hand-blown bottles. For Part I see Ceram. Abs., 11 (6), 356 (1932). W.W.B. 

Intensification of glassmelting and mechanical mixing of glass metal in glass tank 
furnace. L.O.Grsspurc. Ukrainsky Silikaty, No. 10, pp. 291-97 (1931). S.LP. 

Comparative calculations of regenerative chambers for glassmelting furnaces. F. 
Jocum. Glastech. Ber., 9 [9], 507-18 (1931).—J. discusses (1) the calculation of pre- 
heating and waste-gas distribution (from the quantity of heat, heat required, and loss 
of heat, regenerator, air, and gas heat); (2) calculation of the figure of the transit of 
heat (from the heat transfer and the conduction of heat); (3) calculation of the heating 
surfaces of the chambers and the linear measurements of the chamber; (4) influence of 
the size of gaps on the absolute and specific number of brick, heating surfaces, and vol- 
ume of the chambers; and (5) changes of temperature of the brick surfaces. 

M.V.K. 

Making glass containers automatically. J.B. Nearey. Ceram. Age, 20 (3), 101-22 
(1932).—N. describes the process used for the manufacture of glass containers at the 
Illinois Pacific Coast Co. R.G.M. 

Repairs and reconstruction of glass tank furnaces. L. O. Gespurc. = 
Silikaty, No. 11-12, pp. 322-28 (1931). S.L.P. 

Burners for glassmelting tank furnaces. K. Mrrzcer. Glastech. Ber. 9 [8], 
465-70 (1931).—M. discusses (1) measuring the orifice of a burner according to the 
velocity of flames, (2) definition of the term, velocity of flames, (3) influence of the 
velocity of flames on the uniformity of heating of the tank and on the heat transfer to 
the glass, (4) inclination angle of the burners, (5) interval between the glass surface 
and the orifice of the burner, (6) influence of the velocity of flames and the length of the 
flame on combustion, and (7) M.V.K. 

Study of conditions for improving the quality of oo melted in glasshouse pots and 
in tanks. F.U.Bisxs. Ukrainsky Siliboty, No. 3, pp. 38-47 (1930). S.LP. 

Economic significance of measurements in factories with special regard to 
economy in fuel and gas. WuILHELM BussINc. ch. Ber., 9 (7), 402-407 (1931).— 
B. discusses (1) study of fuel, (2) weighing, (3) supervising generators, (4) measuring 
the quantity of gas and the temperature, (5) regulators, (6) controlling the melting 
furnace and statistics, (7) economic operation of glassmelting furnaces, (8) supervising 
the boiler house, and (9) results and cost of measurements M.V.K. 

Electric glass-anne aling leers. R.M. CHerry. Glass Ind., 13 [11], 179-81 Ay af 
see also Ceram. Abs., 11 [1], 17 (1932). 

Ann of commercial glassware. F. W. Nori. Glass Ind., 13 15-78 
(1932).—N. briefly explains how stresses in glass are introduced during the cooling 
from forming temperatures, and discusses the meaning of viscosity and some of the 
experimental work done on the rate of change of viscosity. The methods of deter- 
mining the annealing temperature of glass are briefly described, including the heat 
absorption and optical and expansion methods. The effect of composition on the 
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annealing temperature is pointed out. A detailed discussion of the cooling process with 
an annealing schedule to be followed is presented. The stresses in rapidly annealed 
hollow ware, methods of examining such ware for residual stresses, and the effect the 
residual stresses have on the strength of the glass are also taken up. Illustrated. 
E.J.V 

Annealing control for sheet glass. O. Knapp. Keram. Rund., 40 [16], 204-205 
(1932).—Limits for the annealing of sheet glass based on the interference colors — 
rected for thickness) seen in polarizati 

Testing glass for resistance to bending 


tance to ‘pending and impact strength are mpheiced: and their application to bottie 
glasses of different kinds is described. From the numerical results obtained, conclu- 
sions can be drawn for the probable behavior of bottle glass against static (wind pres- 

sure) and dynamic (hail) ow 3 M.V.K. 
damental moments of glass manufacture development. L. O. Grspurc. 

—- Silikaty, No. 6, pp. 86-90 (1929). S.1.P. 
process to Bicheroux. WENDLER. Ukrainsky 

pp. 231-35 (1928); see also Ceram. Abs., 7 [7], 435 (1928). S.I.P. 
Avoi evitrification and efflorescence in Fourcault glass. ANon. Ahstracted 

in Glastech. Ber 9 [10], 565 (1931); for abstract see Ceram. Abs., 11 [1], oS. 


Cooling of the glass ribbon in the Fourcault process. G. NovAxy. eee, 65 
[40], 726-28 (1932).—The strains occurring in glass manufactured by the Fourcault 
process are discussed under the ieniee Ano ml (1) temperature irregularities, 
(a) ony wags differences in the flowing material, (b) temperature differences origi- 
nating during cooling through irregularities in the thickness of the sheet or through 
faulty ‘cooling; (2) inhomogeneity of the glass mass, (a) unequal composition of the 
glass mass, (6) the presence of nonglassy substances such as stones, streaks, devitrified 
particles, etc. Methods for overcoming these strains are discussed. See also Ceram. 
Abs., 10 [11], 765 (1931). W.W.B. 

Study of the defects in glass and glass sheet by use of the Fourcault machine. 
L. K. Kovatev. Ukrainsky Silikaty, No. 11-12, pp. 340-52 (1931); see also Ceram. 
Abs., 11 [8], 449 (1932). S.L.P. 

Stresses during the cooling of glass with relation to the formation of stones, streaks, 
coloring, etc. F.U. Bisxke. Glastech. Ber., 9 [9], 518 (1931); for abstract see Ceram. 
Abs., 10 [11], M.V.K. 

Decol orizing of glass. Bauer. Pottery Gaz., 57 [664], 1272 (1932).—Some of the 
different decolorizing additions include saltpeter and arsenic, pyrolusite, potassium 
permanganate, pyrolusite-cobalt oxide, pyrolusite-nickel oxide, pyrolusite-cobalt oxide- 
nickel oxide, and selenium and its compounds. The effect of each is briefly discussed. 

E.J.V. 

Rationalization of the manufacture of lamp glass in the Bykovo works. V.IvANITSKY. 
Ukrainsky Silikaty, No. 3-4, p. 100 (1931). S.L.P. 

Modern manufacture of ‘bulbs for electric lamps. S. I. Perkar. Ukrainsky 
Silikaty, No. 8-9, pp. 132-38 (1929). S.L.P. 

Using the second system of Fourcault in the glassworks at Konstantinovka. L. O. 
Gessurc. Ukrainsky Silikaty, No. 1, pp. 11-14 (1929); see also Ceram. Abs., 11 if 
449 (1932). S.LP 

Economy of heat in glass annealing. I.S.SHoor. Ukrainsky Silikaty, No. 11- 12 2, 
pp. 353-59 (1931). S.I. 

Experiment on large-scale melting of glass from nepheline syenites. I. I. Krtar- 
GORODSKY AND I. P. Kargev. Ukrainsky Silikaty, No. 8-9, pp. 130-32 (1929). 

Necessity of carrying out experiments on a commercial scale in melting glass from 
briquetted batches. L.O.Grspurc. Ukrainsky Silikaty, No. 8-9, pp. 264-68 (1931). 

S.L.P. 

Special forms of corrosion of fireclay pots used for melting potash-lead oxide-silica 

E. PRESTON AND W. E. S. Turner. Jour. Soc. Glass Tech., 16 [62], 240-43 
(1932).—The surfaces of the corroded parts were covered with a slag, white in one case, 
yellow in others, of which the latter contained 26% PbO, 17.3% AlyOs (+F €20s). Lead 
oxide vapor, volatilized from the glass, was an active corroding agent. Viscous “‘stalac- 
tites” Which formed on the upper interior of the pot mouth were found to contain 38.9% 
PbO and 17% Al,O;(+Fe.0;) proving that lead oxide was very active. Thorough 
firing of the pots before use in glassmelting was urged as the most effective means of 
reducing the extent of corrosion. G.R.S. 
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Glass in interior architecture. Jacgurs Wor. Céram. Verrerie, No. 833, pp. 629- 
30 (1931).—-Colored glass, mosaics, etc., have been used in interior architecture for 
many years. Although their use has declined considerably, attempts are now being 
made to revive their use. Opaque glass finds an extensive use in indirect Hehting, ‘ae 


Ancient industry in Venice. Jacgues Woir. Céram. Verrerie, Ne. “B43, 
pp. 483-85 (1932).---W. traces the rise and fall of the glass industry in Venice from 
the 13th to the 19th Centuries. The styles and modes of decoration are Sot i 

-H.B. 

Use of glass in modern architecture. Jacgues Woir. Céram. Verrerie, No. 830, 
pp. 439-41; No. 832, pp. 559-61 (1931).—W. discusses the use and importance of glass 
in modern architecture. The use of glass in exterior archite~ture has been greatly 
increased due to recent advances in the use of structural steel and reinforced concrete. 
See also Ceram. Abs., 11 [4], 239 (1932). M.H.B. 

Mining in Manitoba in 1929. J. P. pt Wer. Can. Mining Jour., 51 [1], 11-17 
(1930).—A new glass bottle plant opened in Winnipeg using Manitoba sand. G.M.H. 


BOOK AND BULLETIN 


Standardization of the 32 Crystal Classes. (Zur Normenkunde der 32 Kristall- 
klassen.) Fr. Rinne. A new derivation and nomenclature of the 230 crystallographic 
space groups. (Uber eine neue Herleit ung und Nomenklatur der 230 kristallograph- 
ischen Raumgruppen.) E. Scurespoip. S. Hirzel, Leipzig, 1929. 13m. Z. Metall- 
kunde, 24 (2), 47 (1932).—Schiebold gives an interesting method for classifying the 
230 space groups. The fundamental idea is to build up the complicated crystal classes 
from the simplest cases of symmetry. The simplest cases are embodied in the five 
crystallographic “fundamental forms” of Rinne. Schiebold then shows that by a 
systematic refinement of these fundamental forms one has sufficient basis for a similar 
division of the 230 space groups. L.T.B. 

Glass decoloration by rare earths. ANon. Abstracted from a booklet published by 
the Deutsche Gasgliithlicht-Auer-Gesellshaft; Glastech. Ber., 9 [9], 518 (1931).—Direc- 
tions are given for the decoloration of glass by preparations containing ceric oxide or 
ceric dioxide. After describing the action of cerium in the glass, the following points 
are discussed: (1) refining, (2) chemical decoloration, (3) physical decoloration, (4) 
treatment of the melt, and (5) semi-white glass. M.V.K. 


PATENTS 


lens. W. R. UnLEMANN (R. H. Uhlemann). U. S. 1,881,982, Oct. 11, 
1932. 
Pneumatic glass feeder. Rosert Goop (Hazel-Atlas Glass Co.). U.S. 1,882,076, 
Oct. 11, 1932. 

Transfer mechanism for rotary glassware forming machines. K. FE. Premer (Hart- 
ford-Empire Co.). U.S. 1,882,091, Oct. 11, 1932. 

pee tus and method for drawing glass. A. E.Sprnasse. U. S. 1,882,262, Oct. 
11, 1 

Safety glass. G. H. Peters (Hercules Powder Co.). U. S. 1,882,298, Oct. 11, 
1932. A safety glass includes a resilient sheet of transparent material adhered to a sheet 
of glass through the medium of terpinenemaleic anhydride. 

Method and apparatus for forming glassware. E. H. Lorenz (Hartford-Empire 
U. S. 1,882,547, Oct. 11, 1982. Tuomas Jr. (Hartford-Empire Co.). 

.s. 1,885,660, Nov. 1, 1932. ‘A. H. Stewart (Phoenix Glass Co.). U.S. 1,883,065, 


gathering glassware forming mathias. E. H. Lorenz (Hartford-Empire 
.). U.S. 1,882,548, Oct. 11, 1932. 
ethod and apparatus for drawing and flattening sheet glass. E. T. FERNGREN 
(Libbey-Owens-Ford Glass Co.). U.S. 18,624, Oct. 18, 1932 (reissue). 
on apparatus therefor. F.G.Scuwarss. U.S. 1,882,992, 
. 18, 1932. 
Glass furnace. E.E.Siicx. U.S. 1,883,023, Oct. 18, 1932. 
Automatic rotary leer feeder. I. H. Freese (Hazel-Atlas Glass Co.). U.S. 1,883,- 
362, Oct. 18, 1932. 
wa loader. C. H. HarpMan (Hazel-Atlas Glass Co.). U. S. 1,883,369, Oct. 18, 
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etc. C. E. Bre (Cook Laboratories, 
sheet glass. H. L. (Pittsburgh Plate 


Combined glass puddler and feeder. S. G. Stuckey (Obear-Nester Glass Co.). 
U. S. 1,884,357, Oct. 25, 1932. 

Glass-feeding a Tuomas (Hartford-Empire Co.). U. S. 
1,884,427, Oct. 25, 1 

Method of making laminated glass. C. Dreyrus. U. S. 1,884,624, Oct. 25, 1932. 
W. H. Moss anp K. H. Crutcurrecp (Celanese Corp. of America). U. S. 1,884,809, 
Oct. 25, 1932. W.O.Lyrie (Dupiate Corp.). U.S. 1,885,272, Nov. 1, 1932. : 

Glass manufacture. W.L. VAN Ness. U.S. 1,884,926, Oct. 25, 1932. 

tus for separating composite glass plates. E.L. Fix (Duplate Corp.). U.S 
1,885,245, Nov. 1, 1932. 

Glassworking apparatus. E.E.Siicx. U.S. 1,885,302, Nov. 1, 1932. 

Apparatus for forming glassware. T. A. Bracc (Owens-Illinois Glass Co.). U.S. 
1,885,409, Nov. 1, 1932. Tuomas Waucu, Jr. (Hartford-Empire Co.). U. S. 
661, Nov. 1,1932. R. W. Canrrecp (Hartford-Empire Co.). U. S. 1,885,682, Nov. 1, 
1932. E. H. Lorenz (Hartford-Empire Co.). U.S. 1,885,739, Nov. 1, 1932. 

Process of melting glass by electricity. H.F. Hitner (Pittsburgh Plate Glass Co. ). 
U. S. 1,885,722, Nov. 1, 1932. 

Parison transfer mechanism. E. H. Lorenz (Hartford-Empire Co.). U. S. 
1,885,740, Nov. 1, 1932. 

Process and apparatus for supplying sand to grading apparatus. Jacon SopERBERG 
(Pittsburgh Plate Glass Co.). U.S. 1,885,775, Nov. 1, 1932. 

tus for rolling glass sheets. L. N. Ponp (Blue Ridge Glass Corp.). U. S. 
1,886,302, Nov. 1, 1932. 

Manufacture of fused bifocal lenses. Epwarp CuLver AND A. H. EMERSON 
(United Kingdom Optical Co., Ltd.). U.S. 1,886,649, Nov. 8, 1932. 

Opticallens. C.T.PaNnxkuurst. U. S. 1,886,724, Nov. 8, 1932. 

Lamplens. M. A. SmirH (McKee Glass Co.). U.S. 1,887,107, Nov. 8, 1932. 

Glass tile. J. H. KNaver (R. G. Le Brosi). U.S. 1,887,135, Nov. 8, 1932. 

Sheet drawing apparatus. E.L.Le Roy. U.S. 1,887,414, Nov. 8, 1932. 

Manufacture of wire-net glass and apparatus therefor. PiLKINGTON Bros., LTp., 
AND J. GASKELL. Brit. 381,228, Oct. 12, 1932. 

Process of frosting glass. KoopeRaATIVA FOrpunpet. Brit. 381,262, Oct. 12, 1932 

Deliv molten glass from a container. W. W. Triccs (Europaischer Verband 
der Flaschenfabriken Ges.). Brit. 381,446, Oct. 12, 1932. 

Method and furnace for producing spun threads from glass. W. Rdss_er. Brit. 
381,582, Oct. 19, 1932. 

— for manufacturing unsplinterable glass. L.T. Levey. Brit. 381,855, Oct. 
19, 193 

Treatment of frosted or colored glass. KOopERATIVA FORBUNDET. Brit. 381,979, 
Oct. 26, 1932. 

Process for manufacturing glass tile. W.A. Preyer. Brit. 382,160, Oct. 26, 1932. 

Production of sheet glass. A. E. Epwarps (Naamlooze Vennootschap Mij. tot 
Beheer en Exploitatie van Octrooien). Brit. 382,163, Oct. 26, 1932. 

Manufacture of bottles, etc. W. W. Triccs (Europaischer Verband der Flaschen- 
fabriken Ges.). Brit. 382,204, Oct. 26, 1932. 


Structural Clay Products 


Composition and sintering of clays. H. Hirscn. Tonind.-Zig., 56 (77), 955-57; 
[79], 980-84 (1932).—The sintering behavior of clay is determined not only by the 
composition of the clays as found from the rational analysis, but also by the type of 
compounds present and their fineness. Furthermore, preparation of the raw materials, 
formation of the brick, temperature and time of firing, atmosphere of firing, and vola- 
tile substances will influence it. Seven types of clays are given according to their 
chemical composition, demonstrating clays from the kaolin type to a type rich in lime. 
A number of graphs and tables shows the influence of these different factors on the 
sintering behavior of clays. W.M.C. 
Can brick masonry be destroyed by osmotic pressure? E.WeNpEHORST. Tonind.- 


Machine for heat treat 
Inc.). U.S. 1,883,523, Oc 
Process and apparatus 
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Zig., 56 [80], 995 (1932).---This is a discussion of the paper by L. Reese, who concludes 
that the osmotic pressure will, in many cases, destroy brick masonry. Experiments 
by W., however, show that this is not the case. W.M.C. 
Brick arches. Their setting out and construction. W. Frost. Reviewed in Brit. 
Clayworker, 41 (486), 237 (1932).—F. has rendered a comprehensive and practical 
service to all i interested in the somewhat unusual forms of brickwork which might be 
widely described as “arched work.” It would be difficult to imagine a practicable arch 
which he has not considered and described. The work is essentially definite and in- 
cludes a descriptive textbook together with a set of 30 plans dealing with details of an 
equivalent number of arches and moldings. R.A.H. 
Use of fired clay. III. Anon. Brit. Clayworker, 41 [485], 190-01 (1932).—Since 
the time when steel joists were first made fired clay has been extensively used in floors 
in the form of flat arches in solid or hollow brick fixed between steel joists. Builders 
appeared to mistrust the strength of these flat arches and generally used thicknesses 
much too great. Manufacturers have devised large hollow blocks in the shape of key- 
stones often complex and quite ingenious. Floors in siladonaial concrete have made, 
for some years past, @ more and more important appeal than has fired clay. Apart 
from the costly centering, they are more permeable to cold and have excessive sonority. 
For Part II see Ceram. Abs., 11 [11], 570 (1932). R.A.H. 
Addition of sodium chloride to to water in manufacturing ceramic building materials. 
G.I. Ukrainsky Silikaty, No. 7, pp. 201-203 (1931). S.L.P. 
Use of low-grade clays for building brick manufacture. I.]J.SLopopranrk. Ukrain- 
sky Silikaty, No. 9, pp. 331-33 (1927). S.LP. 
Manufacture of porous building brick from Kharkov clays. V. P. MazuRENKO AND 
I. Kuzmenxo. Ukrainsky Silikaty, No. 3, pp. 33-38 (1930). S.L.P. 
clay building materials. I. Specifications in relation to manufacturing technique. 
A. Zaman. Trans. Ceram. Soc. [Eng.], 31 (0}. 3 oe ees for abstract see Ceram. 
Abs., 11 [11], 598 (1932). IL. Statistical con fication of ; Be 
Wrspon. Ibid., 31 [9], 337-69 (1932); am. Abs., 11 [9], 
G.H. 


Clinker as paving material. V.S. Mykorenxo. Ukrainsky Silikaty, No. 8-9, 
pp. 140-43 (1929). S.LP. 
Manufacture of mye brick (clinker). P. P. BupNnrkorr ANp V. I. ENpovITzKyY. 
Ukrainsky Silikaty, No. 4-5, pp. 62-63 (1929). S.LP. 
Manufacture of paving ving brick (clinker) from Kharkov clays. V.P. MAzURENKO AND 
M. Dycato. Ukrainsky Silikaty, No. 4-5, pp. 59-61 (1929). S.LP. 
Paving brick (clinker) manufacture at the Zalissya works. V. S. MYKOLENKO. 
Silikaty, No. 3-4, pp. 100-101 (1931). S.L.P. 
Investigations on clinker in Germany. V. P. Mazurenxo. Ukrainsky Silikaty, 
No. 5-6, pp. 225-27 (1928). S.L.P. 
Hard-fired brick for road construction. Hierscuer. TJonind.-Zig., 56 [81], 
1004-1005 (1932). W.M.C. 
Standardization of hard-fired brick for road construction. ANoNn. Tonind.-Zig., 
56 [78], 968-71 (1932).—The properties of hard-fired brick for road construction are 
discussed and proposals are made for standardizing their testing. W.M.C. 
Brickwork in sewers and subways. C. Harper. Brit. Clayworker, 41 [485], 192-06 
(1932).—Brickwork is not and never has been adapted for sewers or culverts of small 
diameter. Sewers up to 24 in. in diameter are almost invariably circular and the most 
suitable material is vitrified stoneware. Larger sizes are generally built of concrete 
or brick. Brick used in such underground work are subjected to many destructive 
agencies and brick of high porosity are quite unsuitable. The maximum absorption 
permitted should be less than 14%. Brick for the wetted perimeter should show an 
absorption of not over 3%. The durability of well-built brick sewers is unquestionable 
as evidenced by some built in London over a century ago which are still giving excellent 
service. Apart from building of foul sewers, brickwork has many advantages in the 
construction of culverts and subways of all kinds. In addition to proven durability 
brickwork can be constructed in all sorts of ground and under unfavorable conditions. 
It can be built to exacting sweeps and curves at less cost than concrete. In headings, 
where it is essential to avoid all subsidence and therefore to pack tight to the casing, 
brickwork is the most reliable material. Concrete will invariably sag in spite of exten- 
sive ramming. Brickwork will invariably prove the least costly. R.A.H. 
La tory investigation on rough sewer pipe. O.A.O sen. Clay-Worker, 98 [4], 
146-47 (1932).—An investigation conducted to overcome the difficulty experienced in 
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E.J.V. 


of sewer pipe. O. I. KraMaRENKO. Ukrainsky 7, 
P. 


pp. 103-106 (1929). 
tions for drain pipe. S. Kuzmenxo. Ukrainsky Silikaty, No. 8-9, pp. 201- 
204 (1930). S.LP. 


Manufacture of light-weight brick from diatomaceous earth of Kuteinikovo. O. V. 
TERESHTCHENKO, S. I. PeERKAL, AND E. V. Ivanov. Ukrainsky Silikaty, No. 10, 
pp. 217-24 (1930). S.LP. 

Rationalization of brick manufacture. B. M. Protopopov. Ukrainsky Silikaty, 
No. 8-9, pp. 268-76 (1931). S.L.P. 

Work of “Kirpitchstroy” of R.S.F.S.R. in 1930-1931. B.M. Protopopov. Ukrain- 
sky Silikaty, No. 3-4, pp. 89-99 (1931).—The activities of the Bureau for the construc- 
tion of common brick, tile, lime, gypsum, and chalk works are described. S.1L.P. 

Brick used to interpret genuine American architecture. T.H.Buseitt & Co. Brick 
Clay Rec., 81 [4], 127-28 (1932)._A description of the Horace Mann school in Denver 
shows how design reveals the possibilities of brickwork for decorative purposes. [Illus- 
trated. E.J.V. 

Low cost colonial church built with brick. ANon. Clay-Worker, 98 [4], 137(1932).— 
A brief description of the new early American, colonial style, brick church built at Nash- 
ville, Ind., at a cost of $9500 is given. Illustrated. E.J.V. 

Bookk for the brick industry. M. J. Borcuert. Tonind.-Zig., 56 [82], 
1018-19 (1932). W.M.C. 


PATENTS 


Method of bloating and annealing blocks of earthy material. O. W. Storey (Ameri- 
can Face Brick Research Corp.). U. S. 1,882,046, Oc®. 11, 1932. The method of 
bloating and annealing blocks of earthy material consists in subjecting a charge of 
granular material to a bloating temperature maintained in an elevated bloating zone to 
form a unit slab of bloated material, laterally moving the bloated slab away from the 
bloating zone to an annealing zone, lowering the slab through the annealing zone, and 
in superposing successive slabs in column form for movement through the annealing 
zone. 

Kiln for manufacturing bloated clay products. E.M. Wyatt (American Face Brick 
Research Corp.). U.S. 1,882,052, Oct. 11, 1932. 

Method of producing a continuous slab of earthy material. S. Q. Ler (American 
Face Brick Research Corp.). U. S. 1,882,082, Oct. 11, 1932. The method of pro- 
ducing a continuous slab or column of earthy material consists in depositing a layer 
of granular earthy material upon the obliquely disposed terminal surface of the pre- 
viously completed portion of the slab or column, subjecting the newly deposited layer 
to a heat treatment to cause fusion and adhesion of the layer to the obliquely disposed 
surface of the previously completed portion of the column, and thereafter advancing 
the column with the newly fused accretion. 

Method of making brick, etc. H.O.Anneii. U. S. 1,883,442, Oct. 18, 1932. A 
method of making brick, etc., containing clay requiring firing is characterized by the 
step of subjecting the brick, substantially immediately after firing, to cold water for 


forth. 
dling machine. R. B. Stuckey (W. A. Riddell Co.). U.S. 1,884,356, Oct. 25, 
F. B. ParKer (W. S. Dickey Clay Mfg. Co.). U.S. 1,884,822, Oct. 25, 


Hand grip balanced hollow tile. W.F.Krepre. U.S. 1,886,404, Nov. 8, 1932. 


Building block. L.E.Scuwarse. U.S. 1,887,170, Nov. 8, 1932. 
Building unit. H.R. ReEEpDER AND WiiiraM Scott. U. S. 1,887,432, Nov. 8, 1932. 


Refractories 


High-temperature refractories. Metallic oxides for laboratory ware. Deut. GoLp- 
UND SILBER-SCHEIDEANSTALT VORM. Rogsster. Chem. Trade Jour., 91 [2356], 61-62 
(1932); Refrac. Jour., 8 [8], 320 (1932).—The objects manufactured from pure Al,Os, 
which has a melting point of 2050°C, are gas-proof up to 1950°. Alumina is ected 
by reducing gas. Acid and alkaline fusions, even with caustic soda and sodium per- 
oxide, do not damage alumina vessels up to red heat. The corrosion due to melting 
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silicate glass and quartz is small. Evaporation of hydrofluoric acid hardly affects it. 
Spinel, MgO-Al,O;, the melting point of which is 2135°, resembles aluminium oxide in 
many respects. It is more neutral at high temperatures than Al,O,; as the latter takes 
on the properties of an acid. Spinel is more susceptible to sharp changes of tempera- 
ture than alumina because of its low heat conductivity. Products made of Al,O; are 
superior in hardness and mechanical strength. Articles made of beryllium oxide, 
BeO, which melts at over 2500°, are perfectly gas-proof. They are insensitive to 
sharp changes of temperature. Caustic alkalis melted by direct flame do not affect 
beryllium vessels though they are susceptible to acids. The chemical resistance to re- 
ducing agents is higher than that of alumina, so that common metals with high as 
points, ¢.g., zirconium and beryllium, can be melted without any risk of damaging the 
crucible. On the other hand, foreign oxides such as alumina, magnesia, etc., readily 
form fusible slags with beryllium oxide at high temperatures. Carbon hardly affects 
beryllium oxide even at high temperatures. Vessels made of zirconium oxide, ZrO:, 
which has a melting point at about 2700°, can be used up to temperatures 
2506°. In its chemically pure form, this material can not be used in ceramics. Small 
quantities of other high refractories which do not lower the refractory qualities of the 
material must be added. They are highly resistant to alkaline and acid substances 
even at high temperatures. Many basic slags and glasses may be melted in them for 
hours at temperatures above 1700° without the crucible being injured. At high tem- 
peratures, zirconia is affected only superficially by carbon, zirconium carbide being 
formed. Zirconia objects are comparatively sensible to changes of temperature as the 
expansic coefficient of the metal is high and its thermal conductivity is small. The 
melting point of pure magnesium oxide, MgO, is at 2800°+. Although the thermal 
coefficient of expansion of magnesia is high, objects made of this material are insensi- 
tive to changes of temperature because of the compensating effect of its high heat-con- 
ducting properties. Magnesia has a high chemical imperviousness to basic materials, 
even at high temperatures. In a strongly reducing atmosphere and in the presence of 
carbon, magnesium oxide is comparatively volatile at a high temperature. In oxidiz- 
ing and neutral atmospheres, it can be employed up to a temperature of 2500° without 
noticeable volatilization. Thorium oxide, ThO,, has the highest melting point, about 
3000°. Thorium products are made from fine-grained pure raw materials fired at 2000° 
and show a good degree of density. The chemical resistance of these objects to basic 
compounds is considerable. They can be used at a temperature over 2500°. Carbon 
forms a coating of carbide. As thorium possesses a high coefficient of expansion, prod- 
ucts made of it are affected by sudden changes of temperature. Zirconium silicate, 
ZrSiQ,, is a heavy crystalline powder of brownish color. The material has no definite 
melting point as it decomposes before reaching this point. Nevertheless, it can be 
used up to 1750°. Possessing a small coefficient of expansion, zirconium silicate with- 
stands local and temporary changes of temperature without cracking This decidedly 
acid material is acid resistant; basic compounds affect it, however, at high tempera- 
tures. The general application of these metallic oxide refractories is 7d 
.V.K. 


Influence of size of load on the deformation of refractories at high temperatures. 
V. Zeczupa. Trans. Ceram. Research Inst. [Leningrad], No. 34, pp. 63-77 (1932).— 
Experiments on the deformation under load (from 1 to 5 kg./sq. cm.) of refractory 
products at high temperatures are described. It was found that the influence of the 
load depends on the chemico-mineralogical and granulometric composition of the sam- 
ples, and that the load of 2 kg. per sq. cm. is the most suitable. See also Ceram. Abs., 
11 [8], 458 (1932). M.V.K. 
Incipient temperature of fusion of refractory products. M. Liérincie. Ind. chim. 
belge, 2 [11], 475-83 (1931); Chim. & ind., 2¥ [4], 856 (1932).—L. studied the modifica- 
tions in height as functions of time and temperatures of cylinders 500 mm. high and 
35.7 mm. in diameter, under a constant load of 2 kg./sq. cm. The curves obtained 
showed 3 interesting points: (1) the temperature at which expansion ceases, (2) tem- 
perature at which it begins to collapse, and (3) temperature at which the rate of col- 
lapse tends to infinity. The last two points constitute usual constants, but no con- 
sideration is usually given to the first which, however, must correspond to a modifica- 
tion in the structure of the sample, a transformation which is due to the incipient fusion 
of the fluxes contained and unevenly distributed throughout the refractory. In alumi- 
nous refractories there is a slow and continuous collapse of the sample, eT a 
true viscous fusion. See also Ceram. Abs., 10 [2], 120 (1931). M.V.K. 
Behavior of refractory materiais under torsion at different temperatures. A. L. 
ROBERTS AND J. W. Cops. Colliery Guard., 145 [3744], 646-47 (1932).—The behavior 
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of the following refractory materials under torsional stress has been investigated at 
temperatures up to 1050°C: kaolin, mixtures of kaolin and calcined kaolin, kaolin and 
quartz, and kaolin and fire clay; fire clay, mixtures of fire clay and grog, and fire clay 
and quartz; transparent and translucent silica glass. The observations suggest that 
the development of an increased resistance to shearing stresses, as the temperature 
is raised, is characteristic only of those materials examined which contain free silica 
in the crystalline condition, and that the magnitude of the change depends on the 
amount of crystalline silica present. It also appears that the decrease in resistance 
to torsional stress which commences in all cases, except that of silica glass, at tempera- 
tures within the range 800 to 950° corresponds to the beginning of softening of the ma- 
terials. For practical purposes the results point plainly to the existence of two ranges 
of temperature in which the properties of such refractory materials as have been ex- 
amined are different. In the lower range (roughly, below 800°C) the material is rigid 
and almost perfectly elastic. It will therefore either break under the stress (cracking 
or spalling) or return to its original form when the stress is removed. In the higher 
range of temperature (roughly, above 1000°C) the material develops a plasticity which 
allows stress to be accommodated. Warping and not cracking will then be the de- 
fect to be anticipated. E.J.V. 
Lattice dimensions of spinels. G. L. ALLy, AND A. E. BapGER. 
Amer. Jour. Sci., 22 [133], 589-46 (1931).—In this investigation the common divalent 
metals, Mg, Zn, and Fe, were combined with the trivalent metals, Al, Cr, and Fe, to 
form groups of aluminates, chromites, and ferrites which possess the spinel type of struc- 
ture. The lattice dimensions of the synthetic spinels were determined by X-ray analysis 
and their densities were computed. The spinels used were synthetic spinels of a high 
degree of purity. The Hull powder method was used. The lattice dimensions and den- 
sities of the spinels are as follows: 


FERRITES 


ALUMINATES CHROMITES 


A Density A Density A Density 
Zn 8.062 4.615 8.296 5.393 8.423 5.322 
Mg 8.086 3.548 8.305 4.429 8.366 4.506 
Fe 8.119 4.392 8.344 5.085 8.374 5.201 
Mn 8.271 4.0381 8.436 4.900 8.457 5.029 


C.G.H. 


Influence of cyanogen on the reduction of carbon monoxide in contact with refractory 
materials. H. W. Hrpsott anp W. J. Rees. Colliery Guard., 145 [3744], 646 (1932).— 
Experiments were made in which carbon monoxide mixed with different proportions 
of cyanogen was passed over a weighed quantity of firebrick fragments at varying 
temperatures. From the results obtained it is evident that cyanogen has a marked 
effect on the reduction of carbon monoxide passing over refractory surfaces. E.J.V. 

Influence of the characteristics and treatment of the raw material on the properties 
of fused silica products, and the effect of treatment of the fused products on their proper- 
ties. Burrows Moore. Colliery Guard., 145 [3744], 646 (1932).—The volatile im- 
purities are largely responsible for blisters and pinholes in products, and although never 
forming more than 0.1% in passed raw material, a change of less than 20% in the amount 
present may produce differences in the products. Numerous data are presented in 
tabular form representing numerically various characteristics. E.J.V. 

Alundum, refractory aluminous product. V.Cuarrin. Céram. Verrerie, No. 843, 
p. 477 (1932).—The preparation of alundum in an electric furnace is described and the 
uses for the finished product are discussed. M.H.B. 

Bauxite and aluminum. I. Vicror CHarrin. Ind. chimique, 19 [224], 646-50 
(1932).—C. discusses (1) history and development of the aluminum industry, (2) ob- 
taining aluminum from bauxite, (3) production of aluminum from alumina, (4) char- 
acteristics and properties of bauxite utilized for the production of aluminum, (5) data 
on the production of aluminum, (6) its applications, and (7) its future. ° M.V.K 

Cristobalite structures. I. High cristobalite. T.F.W.BartuH. Amer. Jour. Sci., 
23 [136], 350-56 (1932).—The structure of high cristobalite crystals has previously 
been reported as having the symmetry of the space group Fd3m (07), with the atomic 
arrangement (8f), (165). The present investigation has shown that the symmetry 
is that of P2,3 (7*). The unit cube has 8 molecules of Si0,. There are two groups 
of oxygen ions, O; in 12 general positions of 7‘ with parameters x, y, and z, and Oy 
in 4f with parameter v. There are also two groups of silicon ions, Sir and Siy, both of 
them in (4f) with parameters u, and wm, respectively, x = 0.660, y = 0.660, s = 0.062, 
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and v = 0.125; m = 0.225 and wm = 0.008. The interatomic distances are as follows: 
= 1.58, —O; = 1.69, = 1.62, and Siy—On = 1.64. IL. Low 
cristobalite. IJbid., 24 [140], 97-110 (1932).—Powder spectrograms of low cristobalite 
were obtained using either Cu or Mo radiations. The interfacial angles of low cristo- 
balite crystals correspond, within the limits of measurement, to those of a cubic crystal. 
e length of the edge of the unit (pseudo) cube containing 8 molecules of silica is 7.00 
and the calculated density is 2.30. The observed intensities can not be accounted 
for by any atomic arrangement in any of the cubic space groups. It was therefore 
concluded that low cristobalite is orthorhombic with an axial ratio of a:b:c = 1.00:1.00: 
1.00 + 0.01. One arrangement in the space group P2,2,2,—(V*) was found which 
explains the observed intensities. B. presents some interesting observations relating 
to the high-low inversions. C.G.H. 
Existence of the high- ture form of cristobalite at room temperature, and the 
J. W. Gretc. Jour. Amer. Chem. Soc., 54 [7], 2846-49 (1932).— 
discusses the presence of the high-temperature form of cristobalite i in certain forms 
7 soul cal and also in various artificial products. It is probable that these crystals have 
failed to invert on cooling through the inversion temperature. It is unlikely that the 
high-temperature form would crystallize in the temperature range in which the low- 
tem ture form is the more stable. R.G.M. 
of cristobalite. Rospert B. Sosman. Jour. Amer. Chem. Soc., 54 [7], 
3015-16 (1932).—S. discusses the inversion of cristobalite (see preceding abstract) 
stating that the phenomenon of the high-temperature form being present at low tem- 
peratures is unknown to him. R.G.M. 
Magnesite, its occurrence, mining, and industrial importance. K. A. REpLIcH. 
Angew. Chem., 45 [39], 621 (1932); for abstract see Ceram. Abs., 11 [11], ag 


Obtaining magnesium oxide from dolomites. ©. V. TeRESHTCHENKO. 
Silikaty, No. 2, p. 69 (1927). S.LP. 
Mullite refractories. ANon. Can. Mining Jour., 51 [2], 50 (1930).—Mullite 
occurs naturally on the Isle of Mull. The name mullite has also been given to an 
artificial refractory, the properties of which are briefly summarized G.M.H. 
Mullite and its industrial application. S.I. Perxar. Ukrainsky Silikaty, No. 9, 
pp. 330-31 (1927). S.I.P 
Determining chromic oxide in chrome ores. M. ALexse’ev. Ukrainsky Silikaty, 
No. 8-9, pp. 143-44 (1929). S.L.P. 
Simple method for determining the ity of refractories. J. RosITscHEK. 
Ukrainsky Silikaty, No. 11-12, pp. 484-85 (1928). S.L.P. 
Standard methods of chemical analysis of refractory materials. O. V. TeREsH- 
TCHENKO AND S. I. PerKat. Ukrainsky Silikaty, No. 11-12, pp. 


Influence of granulometric composition of grog on the on. of refractory nn 
I. I. Kuzmenxo. Ukrainsky Silikaty, No. 1, pp. 2-10 (1931). S.I.P. 
Highly refractory snatesiate. S. I. Perxat. Ukrainsky Silikaty, No. 1, 
pp. 14-15 (1929); see following abstract. S.I.P. 
Manufacture of highly grogged refractories. O. V. TERESHTCHENKO AND E. V. 
Ivanov. Ukrainsky Silikaty, No. 3-4, pp. 65-77 (1931).—A detailed description is 
given of the method of manufacturing highly grogged refractories (90% grog) developed 
by the Ukrainian Scientific Research Institute of the Silicate Industry. See also Ceram. 
Abs., 11 [11], 572 (1932). S.L.P. 
Inexpensive and easily made lining for fireclay crucibles for laboratory use. A. H. 
Jay. Jour. Iron Steel Inst. [London], 125, 427 (1932).—A useful inert lining for fire- 
clay crucibles can be made as follows: powdered Al,O; is mixed with 7% by weight of 
powdered feldspar in the dry state. A strong solution of gum is added giving the con- 
sistency of thick paste. This is then spread over the inside of the crucible to a thickness 
of '/s in. and air dried. The firing takes place in two stages: the first, which removes 
the gum, consists in slowly heating the crucible in air to a temperature of 700°C; the 
second, which forms the permanent bond, consists in heating to 1300°C for 2 hours 
and then cooling in the furnace. Linings made in this manner give eo = 
when used to melt pure manganese. B.A. 
Blast-furnace linings. Il. W. J. Rees. Blast Fur. Steel Plant, 20 dar 794 
(1932).—In concluding his discussion of desirable properties in blast furnace lining re- 
fractories R. offers the following suggestions: (1) Resistance to slag attack is promoted 
by the use of well-fired brick of good shape, low permeability, and good volume sta- 
bility at high temperatures, made from aluminous clays with a refractoriness not below 
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cone 30. (2) Resistance to penetration and corrosion or disintegration by alkalis is 
promoted by the use of well-fired aluminous brick of low permeability. (3) Resistance 
to carbon deposition is promoted by the use of brick of low permeability, well-fired and 
free from ferruginous segregations. (4) Resistance to mechanical wear is promoted 
by the use of brick with a high cold-crushing strength. Close texture and incipient 
vitrification seem to promote resistance to mechanical shock and abrasion at the tem- 
ee For Part I see Ceram. Abs., 11 * 
1 
Better refractories aid blast-furnace practice. H. SweerTser. Blas Por. 
Steel Plant, 20 [10], 794-96 (1932); for abstract see Ceram. Abs., 11 [9], 494 oo 
E.J.V 
Sidelights on refractories in open-hearth practice. R. PERcIVAL SMITH. Colliery 
Guard., 145 [3744], 646 (1932).—An account is presented of investigations carried out 
at the works of Steel, Peech, and Tozer, Ltd., to discover in what directions it might 
be possible to effect economies in connection with refractories. E.J.V. 
Observations on rotary kiln linings. Hans Ktut, H. Lorenz, anp F. Tuo. 
Zement, 20 [39], 866-70; (40), 884-87 (1931); Rock Prod., 35 [14], 36 (1932).—The 
authors present the results of observations made on the linings of a rotary cement kiln 
immediately after shutdown. It is concluded that for the wear of the kiln lining, not 
only reactions between lining, cement material, and ashes come into consideration, 
but that an important réle is played also by reactions with the gas phase as such and 
with distillation and condensation processes. Analyses and tables are given in the 
original article. W.W.M. 
Cement kiln refractory. C. H.Sonntac. Rock Prod., 35 [22], 48-54 (1932).—S. 
describes the conditions in cement kilns which linings must combat. He discusses the 
formation of a eutectic between lining and clinker, the effect of heat radiation, the for- 
mation of a protective coating of clinker on the lining and how it is retained, theoreti- 
cal linings, and commercial considerations. He gives details about magnesia brick 
linings with and without steel strips in each longitudinal joint. A kiln was lined with 
magnesia brick using separating steel strips in one half and none in the other half. This 
kiln was used until the lining failed in a large spot. It was found that the failure 
occurred where no strips were used and that the lining where they were used was in much 
better condition because the protective coating of clinker was much thicker there. 
The magnesia lining made a saving of 75% over other types in cost of production per 
barrel, including both labor and material. Illustrated with diagrams and photographs. 
W.W.M. 


Acid or basic brick for glassmelting furnaces. Ericn Fersner. Keram. Rund., 
39 [26], 372-74 (1931); for abstract see Ceram. Abs., 10 [12], 835 (1931). H.I. 
anufacture of glass tank blocks. 0. I. KRAMARENKO. Ukrainsky —— 
No. 10, pp. 429-33 (1928). I.P. 
Glasshouse refractories. A.B. Glass, Vol. 1, No. 10; U rhroinshy Sili- 
katy, No. 5-6, pp. 236-38 (1928). S.I.P. 
Life of refractories used in the glass industry and repairs of glass furnaces. I. I. 
KuzmMenko. Uhkrainsky Silikaty, No. 11-12, pp. 169-73 (1929). S.L.P. 
Refractories for coke ovens. P. P. Bupnikorr. Ukrainsky Silikaty, No. 11-12, 
pp. 480-84 (1928); see also Ceram. Abs., 11 (8), 459 (1932). S.I.P. 
Development of coke-oven refractories and specifications for a cement for furnace 
lining. R.L. Pevsner. Ukrainsky Silikaty, No. 5-6, pp. 115-18 (1930). S.L.P. 
Refractory materials for regenerators. ALFrep B.Searie. Blast Fur. Steel Plant, 
20 [10], 796-97 (1932).—The properties possessed by fire brick used in regenerators 
should be the same as those for recuperators, but as the conditions in the regenerators 
are more severe a higher refractoriness and a greater resistance to corrosion and abra- 
sion are usually needed. In addition, the brick used in a regenerator are subjected 
to such sudden and oft-repeated changes in temperature that they must not be unduly 
sensitive in this respect. The merits of different refractories are discussed. E.J.V. 
Dimensions and performance of regenerator chambers of open-hearth furnaces in 
Upper Silesia. F. WesemMann. Siahil Eisen, 51 [28], 873-83; [29], 908-11 (1931).— 
. From a questionnaire, data are given for the characteristics of open-hearth furnaces of 
the Siemens-Martin type operated in Upper Silesia, Germany. The velocity of the 
air and gas currents will influence the output of the furnaces. Their dependence on 
the size of the smokestacks is shown. Data are given for the dimensions of regenera- 
tor chambers. The influence of the size of the heating surface of the chambers on fur- 
nace output and consumption of fuel is shown. The temperature distribution of the 
furnaces is calculated from the average values of their dimensions, taking into account 
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the operating data. On these calculations a comparison is based between furnaces at 
different localities. The possibility of introducing mixed gas in Upper Silesia is dis- 
cussed. Many graphs and tables are given. W.M.C. 
Boiler refractories. I, Il. O. V. ANp S. I. PERKAL. 
—! ao 7, pp. 101-103 (1929); No. 4, pp. 63-66 (1930). S.I.P. 
tte block. J. RoprrscHex. Angew. Chem., 45 [39], 621 (1932).—The 
nature aaa the raw materials and the me of manufacture of chamotte block are 
discussed. Besides the raw and fired clay, the mixing water is a material whose im- 
portance is often overlooked. From cases it is shown how small amounts of 
impurities can cause difficult manufacturing troubles. Laboratory experiments on 
the manufacture of chamotte block show that its properties are affected not only by 
chemical composition and particle size of the raw materials but also by the content of 
binding clay in the mass. For each chamotte mass there is an optimum binding clay 
content at which the properties of the block reach the most ideal value. The consider- 
able difference in the physical and technological behavior of chamotte block is due to 
the content of binding clay. By variations in the grain size and binding-clay content 
chamotte blocks can be produced from the same raw materials, but with variations 


in the most important properties within wide limits. L.T.B. 
Chemical and physical properties of magnesite block. R.Mixscn. Angew. Chem., 
45 [39], 621 (1932); for abstract see se Abs., 11 [11], 573 (1982). L.T.B. 
Silica and magnesite brick for metallurgical furnaces. S. I. PERKAL. Ukrainsky 
Silikaty, No. 2, pp. 67-70 (1928). S.LP. 
Silica brick. K. ENDELL. Angew. Chem., 45 [39], 621 (1932); for abstract see 
Ceram. Abs., 11 [11], 573 (1932). L.T.B. 
( a brick without bond. S.I. Perxar. Ukrainsky Silikaty, No. 10, pp. 436-38 
1928). S.L.P. 


( Bonds for silica brick. S. I. Perxar. Ukrainsky Silikaty, No. 4-5, pp. 63-66 

1929). S.L.P. 
Quality of products of the silica brickworks at Panteleimonovka. KvuKOLBEv, 

TAUBIN, AND Koz.ov. No. 11-12, pp. 329-34 (1931). S.1L.P. 


tes of Panteleim —— District as raw material for new silica brick plant. 
L. O. Gespurc. Ukrainsk pp. 365-72 (1928). S.L.P. 
Manufacture of channel brick in the Five Year Plan. G.Sacx. Ukrain- 
sky Silikaty, No. 7, pp. 114-16 (1929). S.L.P. 
Refractoriness and chemical composition of clays. V.P. MazuRENKO AND O. Levitz- 
ska. Ukrainsky Silikaty, No. 1, pp. 28-29 (1927). S.L.P. 
Re clays of the Moiski deposits. N.D.Davcar. Keram. i Steklo, 8 (7), 32 


(1932).—The Moiski refractory clay deposits in West Siberia and their classification are 
described. Clays of the first grade are a highly refractory (Seger cone 32 and above) 
and finely dispersed material; their iron oxide content is not higher than 2.54%. The 
clays of the second grade are not less than Seger cone 30. The third and fourth — 
are rich in quartz sand and have a refractoriness of —y* cone 26. M.V.K. 
Physico-chemical investigation of Ukrainian refractory clays. O. V. TERESHTCHENKO 
AND B.G. Popoitsky. Ukrainsky Silikaty, No. 11-12, 167-69 (1929). S.L.P. 
Relation of refractoriness of clays and kaolins to their chemical 
tion. V.P. MazuRENKO AND M. M. Lozinsxy. Ukrainsky Silikaty, No. 5-6, pp. 95- 
104 (1930). S.L.P. 
Standardizing saggers. M. V.Fierov. Keram. i Steklo, 8 [7], 13-15 (1932).— 
The working conditions which must be considered when standardizing saggers are dis- 
cussed. M.V. 
Refractory specialties. Kurp ENDELL. Angew. Chem., 45 [39], 621 any or 
abstract see.Ceram. Abs., 11 [11], 571 (1932). L.T 
Stoppers and nozzles for open-hearth ladles. G. O. Gross. Ukrainsky Stikty, 
No. 3, pp. ro; (1927). S.I 
Work o the English association of research on refractories. D. E. Rev. a 
constr. trav. — No. 275, pp. 150-51B (1932).—The meeting of the British Refrac- 
tories Assn. dealt with (1) problems relating to dryness, (2) plastic properties of clays, 
(3) ceramic furnaces, (4) gas permeability of refractory materials, (5) action of carbon 
monoxide on refractories, (6) cements for joints, (7) researches on the gas industry 
and blast furnaces, (8) problems of saggers, and (9) special refractories. M.V.K. 
Progress in the manufacture of refractories. S. 1. Perkar. Ukrainsky Silikaty, 
No. 10, pp. 157-59 (1929). S.L.P. 
Refractoriness and standard methods for its determination in Germany, U. S., and 
U.S.S.R. S.I. Perxar. Ukrainsky Silikaty, No. 8-9, pp. 251-64 (1931). S.LP. 
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Supply and manufacture of satisfactory refractories in the plants of U.S.S.R. 
L. ©. GesBurc. No. 10, PP: 154-57 (1929). S.L.P. 
Control of manufacture I. I. KuzMENKO AND M. M. Lozinsky. 
Ukrainsky Silikaty, No. 2-3, pp. i929), S.L.P. 
Construction of a plant for refractories manufacture in Chassov-Yar. L. O. 
GEsBURG AND G. O. Gross. krainsky Silikaty, _ 10, pp. 438-39 (1928). S.L.P. 
Construction of furnaces and refractories at the “Gas and Water” exhibition in 
Berlin. L. Litinsky. Ukrainsky Silikaty, No. 8-0, pp. 123-30 (1929); for 
S.I 


see Ceram. Abs., 9 (1), 46 (1930). 
Ceramic plants. I. I. Kuzmenxo. Ukrainsky Sik, 


S.I 
ent of the refractory industry. S.Pusuxo. Ukrainsky Silikaty, No. 1-2, 
pp. 11-14 (1930); S. Banus. Jbid., No. 8-9, pp. 205-209 (1930). S.LP. 
Research work on refractories in U.S.S.R. for the last five years. S. I. PERKAL. 
Ukrainsky Silikaty, No. 6, pp. 165-78 (1931). S.L.P. 


BULLETIN 


Specifications and methods of test for refractory materials and manual for interpre- 
tation of refractory test data. Prepared by Committee C-8 on Refractories, American 
Society for Testing Materials, 1932. 93 pp. Price 50¢. This pamphlet is published 
for the purpose of bringing together in a convenient form all of the A.S.T.M. specifica- 
tions, methods of testing, and definitions pertaining to refractories. The 1931 revision 
of the manual for interpretation of refractory test data is also included. The pamphlet 
includes the standard specifications for clay fire brick for malleable furnaces, for sta- 
tionary boiler service, and for marine boiler service, standard methods of testing brick 
in compression, flexure, and absorption and under load at high temperatures, porosity 
and volume changes, softening point (P.C.E.), and chemical analysis of refractory 
materials. Tentative methods of test are given for resistance of brick to thermal shock 
and for particle size of ground refractory materials. Standard and tentative definitions 
are given for terms relating to refractories. The scope and limitations of standards 
are indicated and data are given to help increase the effectiveness of tests in control 
of manufacture, inspection, and utilization of refractories. A table of squares and square 
roots of numbers is appended. R.A.H. 
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Refractory composition for brake-shoe molds. J. D. Attey (American Brake Shoe 
and Foundry Co.). -U. S. 1,882,701, Oct. 18, 1932. A thermo shock-resisting compo- 
sition consists of substantially 60% fused silica and 40% refractory binder, the refrac- 
tory binder consisting of substantially 50% Kentucky ball clay and 50% Georgia kaolin. 

Furnace lining. L. Crospy anp A. E. Rwoaps (Detroit Electric Furnace Co.). 
U. S. 1,883,590, Oct. 18, 1932. 

Checkerbrick and checkerwork construction. J. H. France (J. H. France Refrac- 
tories Co.). U.S. 1,883,674, Oct. 18, 1932. 

Suspended flat arch for furnace, kiln, etc. S. F. Burnet (Laclede-Christy Clay 
Products Co.). U.S. 1,885,800, Nov. 1, 1932. 

Refractory brick and method. R. P. Hever (General Refractories Co.). U. S. 
1,886,185, Nov. 1, 1932. The method of making refractory brick from hydrous alumina 
silica mineral containing less than 60% silica consists in calcining the mineral at a 
temperature above 1400°C and in subsequently forming a mix containing at least 85% 
calcined mineral into brick under pressure exceeding 1000 Ib. per sq. in. 

Method for producing refractory bodies. ARTHUR SPRENGER. U. S. 1,886,268, 
Nov. 1, 1932. A method of producing refractory bodies such as stones, blocks, plates, 
etc., from masses produced in the smelting process consists in admixing to molten 
masses containing as main constituents magnesia and alumina, in granulated state, 
small quantities of chromium-iron-magnesia compounds in fine condition, molding the 
mintuve, and firing the bodies. 

tion of alumina. H.Wtnscue. Brit. 381,520, Oct. 12, 1932. 

S -resistant, refractory, and chemically neutral brick. G. M. Carrig, J. W. 
Craic, F. E. Larue, and A. C. HALFerpAnL. Brit. 381,981, Oct. 26, 1932. 
Production of refractory substances. A. SPRENGER. Brit. 382,014, Oct. 26, 1932. 
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WHITE WARES 


Terra Cotta 


Solving production problems in making glazed ware. Paut E. Cox. Brick Clay 
Rec., 81 [4], 123-25 (1932).—C. gives some hints on how to avoid crawling, crazing 

and other glaze troubles, and also discusses the action of the chemicals in ke deen glazes. 
E.J.V. 

ceramics. M.A.Soxo.rov. Ukrainsky Silikaty, No. 8-9, PP. 196- 
S.L.P. 

Manufacture of acid-resistant ceramic articles. P. P. Bupnixorr, S. A. GICHARB- 

virscH, AND I. G. ScHacunovirscu. Ukrainsky Silikaty, No. 4, pp. 66-68 (1980); 
see also Ceram. Abs., 10 [7], 506 (1931). S.L.P. 

Application of engobes. B. Sprrta. Keram. Rund., 40 [23], 293-94 (1932); for 
abstract see Ceram. Abs., 11 [7], 421 (1932). HI. 

Defects in uction of stoneware pipes. ANon. Keram. Rund., 40 [23], 294-96; 
[24], 306-307 (1932). H.I. 


White Wares 


Study of some ceramic bodies of low absorption maturing at temperatures below 
1000°C. R. F. GELLER AND D. N. Evans. Bur. Stand. Jour. Research, 9 [4], 473- 
85 (1932); R.P. 483.—This study is of whiteware bodies containing synthetic flux and 
maturing below 1000°C. The results obtained indicate that the production of ceramic 
bodies having water absorption lower than the average for commercial earthenware 
and maturing below 1000°C would require careful supervision and control of all of the 
manufacturing processes. Comparatively small variations in the chemical composi- 
tion of the flux or of the body in which it is used may have a disproportionate effect on 
the properties of the product, ¢.g., the use of kaolin in place of 50% of the ball clay 
decreased the resistance to abrasion of 9 out of 12 bodies; the average absorption of 
the bodies containing kaolin was about 50% higher than the average for the others 
and their resistance to crazing when glazed was considerably lower. The kaolin sub- 
stitution also produced bodies slightly darker in color. The results, therefore, indicate 
that it would be advantageous to use all ball clay rather than a mixture of ball clay and 
kaolin. The introduction of 5% of mullite at the expense of the clay appeared to 
have some desirable effects. Within any one series of bodies the flux appeared to be 
the predominating factor in determining the relative color and translucency of — 
Effects on the other properties are not so pronounced. RA 

Increasing the strength of dust-pressed bodies with acids. C. C. seaeuenaind AND 
A. F. GREAVES-WALKER. Ceram. Age, 20 [2], 54-56 (1932).—Concentrated commercial 
acids including hydrochloric, sulphuric, and acetic were added in the blunger to the floor 
tile body which was prepared. Acid additions varied from 1 to 10% of the volume of 
blunging water added. The water and water-acid content was standardized at 1 cc. 
to 1 g. of the batch. Tile made from the prepared batches were dried and tested in 
a compression machine, the surface under compression being 1 by 4 in. Results indi- 
cated that acetic acid weakened the tile in proportion to the amounts added. Hydro- 
chloric acid increased the strength in some cases and decreased it in others. A 3% solu- 
tion increased the dry compressive strength 13.4%, a 5% solution 23.8%, while a 10% 
solution increased it to 60.6%. Sulphuric acid was very effective, a 10% solution 
increasing the strength 362%, but scumming was produced on the tile by the addition 
of this acid. Bodies treated with weak acid solutions will withstand more rough treat- 
ment than those not so treated. R.G.M. 

Study of the fiuxing action of feldspars and its influence on the formation of silli- 
manite. F.CHALAMEL. Céramique, 35 [531], 137-46 (1932).—C. studied the fluxing 
action of feldspars on clay in order to find the best feldspar and best proportion of feld- 
spar to be used with certain clays to obtain equality and constancy of the dimensions 
of the fired ware and a formation of sillimanite of sufficient amount, not too abundant 
or too abrupt. The investigation comprised laboratory trials, trials in the plant, and 
controlled observations on the plant production. In the laboratory tests varying 
percentages of Birkenfeld feldspar and Quillan feldspar rock were added to refractory 
clays and stoneware clays. Hydraulically pressed tile were fired to 1250, 1300, and 
1400°C. The dimensions and porosities of the fired tile were measured and their thin 
sections studied petrographically. The optimum mixture from the viewpoint of equality 
and constancy of dimensions depended on the clay used. With refractory clays, with 
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one exception, the porosity decreased uniformly with increase in feldspar content; with 
the stoneware clays, the porosity decreased, increased, and then decreased again with 
increasing feldspar content. The thin sections showed varying amounts of granules 
and crystallites depending on the mixture and firing temperature. The same general 
procedure was followed in the plant trials and the products are described in detail. 
The results were in general accord with the laboratory tests. It was concluded that to 
obtain a uniform and nonporous product at 1280 to 1300°C, (a) with a plastic refrac- 
tory clay use a feldspar with a medium fluxing action, (5) with a plastic stoneware 
clay use a feldspar with a weak fluxing action. With a refractory clay it is better to 
use a feldspar of weak fluxing action and a higher temperature. With most mixtures 
there is an optimum percentage of feldspar. It is better to use a large proportion of 
high-melting feldspar than a small proportion of low-melting feldspar. One should 
try to produce granular sillimanite and not a lot of needle-like sillimanite. To do this, 
feldspars with strong fluxing powers should be avoided. A.E.R.W. 
uction of chrome porcelain. F. Doprovsky. Keram. Rund., 40 [23], 292-93 
(1932).—A short description is given of methods of electrodeposition of chromium on 
porcelain. H.I. 
-tension conductors of the multiple-tube type. J. Wariicn. Keram. Rund., 
40 [9], 109-11 H.I 
Soapstone for high-tension insulators. Eprroriar. Can. Mining Jour., 51 [22], 
537 (1930).—Soapstone insulators are said to be superior to porcelain in tensile and 
general strength and in electrical resistance. G.M.H. 
Controlling slip in electrical lain manufacture. H. W. THremecke. Ceram. 
Age, 20 [3], 92-96 (1932).—T. discusses the relationship of slip viscosity, water con- 
tent, and electrolyte, and tests the effect on slip of varying water content and electrolyte 
content. R.G.M. 
Experiments in making black floor tile. L.T. Keram. Rund., 40 [11], 144(1932).— 
A black color was produced in floor tile of three compositions containing from 2.5 to 
10% FesOs by firing them in saggers containing layers of pulverized coal between the 
tile. The best results were obtained with the higher per cents of FeO; in saggers carry- 
ing bone dry and very finely pulverized coal. H.I. 
Vitrification in ceramic products. Airx Cornmie. Céram. Verrerie, No. 831, 
pp. 487-89; No. 832, pp. 545-46; No. 833, pp. 615-16; No. 834, pp. 681-83 (1931).— 
Vitrification is an essential characteristic in ceramic products but may vary as to the 
use of the ware. Vitrification is often neglected by the unscrupulous as lower tempera- 
tures may be used and glazes tend to adhere better to underfired ware. The pieces, 
however, lack solidity and the practice should be discouraged. The work of Deck on 
an alkaline frit is discussed, compositions and batch formulas being given. The compo- 
sition and batch formulas for a frit formulated by Laith and Dutailly is given. The 
use of cullet, whiting, and feldspar for furthering vitrification is discussed. Several 
batch formulas for hard porcelains at cones 9 to 10 are given. M.H.B. 
Resistance to abrasion of a sillimanite porcelain die when used for extruding clay 
columns. ANON. Jour. Franklin Inst., 213, 323 (1932).—Tests were described of the 
resistance to abrasion of “‘sillimanite’’ porcelain dies used in the manufacture of spark 
plug blanks. The dies have a hardness of 7.5 (Mohs’ scale). At the end of the 12th 
test, 0.1164 mm. of material had been removed. The service value of the die was de- 
fined in terms of the extrusion pressure and abrasion loss and this service value was 
shown to be related to the depth of removal in a hyperbolic manner. }.T LL. 
Porcelain resistant to hydrofluoric acid. ANoNn. Ind. chimique,19 [218], 225 
(1932).—This porcelain is produced from a mixture of natural crystallized calcium 
fluoride with calcium fluoride chemically precipitated by means of a double decomposi- 
tion of an alkaline fluoride and a salt of calcium. Calcium fluoride, precipitated, is 
washed and mixed with the natural pulverized product. The paste is molded and 
dried at 100°, and the object is then fired to 1000° in the absence of air. This porce- 
lain has the highest mechanical and physical properties and is resistant to the action 
of hydrofluoric acid at any temperature. M.V.K. 
Effect of evacuation of jigger bodies. Grorcr A. Loomis. Ceram. Ind., 19 [5], 
- 236-39 (1932).—L. made a progress report at the meeting of the Ohio Ceramic In- 
dustries Assn. on the effect of evacuation on the properties of a semiporcelain ivory 
jigger body. He found that evacuation increased the dry strength of test bars 17% 
over that of the unevacuated body, while other properties of the ware remained prac- 
tically the same. Further study is planned. W.W.M. 
Influence of the layer of the glaze and the sintering capacity on the dielectric proper- 
ties of insulators. I. I. YurcHAK AND V. V. Sukacnev. Keram. i Steklo, 8 [7], 17-21 
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(1932).—Experiments showed that insulators should be thoroughly fired until the pores 
are reduced to a minimum. The glaze increases the durability of insulators and im- 
proves the dielectric properties of those which have been weakly fired. M.V.K. 
tion of whiteware masses. E.I. Ortov. Ukrainsky Silikaty, No. 11-12, 
S.LP 


pp. 255-58 (1930). LP. 

Mechanical of white ware. S. Putreso. Keram. Rund., 40 [26], 331-33; 
[27], 349-51 (1932).—The impact strength and its relation to other properties was 
determined on whiteware specimens (plates) of known body and glaze composition. 
It was found that the impact strength was increased by (1) increase in temperature of 
bisque firing, (2) increase in temperature of glost firing, (3) decrease in porosity, and 
(4) increase in fineness of grinding. H.I. 

Glaze and color defects in glost firing of earthenware. G. Bupewic. Keram. 
Rund., 40 (2), 16-17 (1932).—To show the effect of differences in temperature of glost 
firing on underglaze and glaze color, a round kiln was set with test plates carrying dif- 
ferent underglaze and glaze colors and with a series of Seger cones. The position of the 
cones, their deformation temperatures, and the colors on the test plates after the glost 
fires are given diagrammatically. H.I. 

R ity of wall tile to crazing. W.G. Bos. Keram. Rund., 40 [22], 277-79 
(1932).—Autoclave experiments were made to show relation of crazing under specified 
steam pressures to (1) water absorption, (2) length of time specimens had stood in ordi- 
nary storage without crazing, (3) properties of the body, and (4) composition of the 
glaze. Water absorption showed closest relation to crazing and was much more im- 


portant than glaze composition. H.I. 
80-70 prevention of warped porcelain ware. L. Hein. Kercm. 
70 (1932). 


ting black spots on ceramic ware. V. Sacaratov. Ukrainsky Silibaty, 
No. pp. ‘308-30 (1027). S.L.P 
Substitution of flint by sand in earthenware masses. E. I. OrLov ANp V. I. ENpo- 
vitzky. Ukrainsky Silehaty, No. 1-2, pp. 4-5 (1930). S.LP. 
Results of investigating the quality of Ukrainian porcelain and earthenware. I, II. 
B.S. Lysstn. Ukrainsky Silikaty, No. 5-6, pp. 217-20; No. 7-8, pp. 269-74 (1927). 
S.LP. 
Development and present position of the porcelain industries in Germany. H. C. 
STROHMAYER. Céramique, 35 [530], 118-21 (1932).—The porcelain industry of Ger- 
many comprises 290 establishments employing about 69,000 people and producing 
about 135,000 tons of porcelain valued at 200 million reichsmarks made up as follows: 
domestic porcelain 111 millions, decorated porcelain 31 millions, and electrical porce- 
lain 54 millions. A.E.R.W. 
Canadian white tableware. G. M. Hutr. Can. Mining Jour., 51 [50], 1240-42 
(1930).—Possibilities for the manufacture of white tableware in eastern Canada are 
discussed briefly, particularly from the standpoint of tariffs, labor costs, raw materials, 
and market. G.M.H. 
Copenhagen exhibition. ANon. Pottery Gas., 57 [665], 1371-77 (1932).—A brief 
description is given of some of the pottery exhibits at the recent British Exhibition at 
Copenhagen. Illustrated. E.J.V. 


PATENTS 


ge dish, etc. H. J. McMaster (Sebring Pottery Co.). U.S. 1,884,058, Oct. 
25, 1 

Water closet douche. Kurt Tsomss. U. S. 1,886,920, Nov. 8, 1932. 

Means for attaching tile facings to walls. Henry Barrecs. U. S. 1,887,113, Nov. 
8, 1932. 


Equipment and Apparatus 


Design of forming or extruding dies for clayworking. L. J. Sykes. Brit. Clay- 
worker, 41 [486], 237-41 (1932).—When designing dies the troubles which are common 
to the extrusion process must be borne in mind, the most common of which are (a) tear- 
ing or cracking at the corners of the column, (b) cracked or twisted columns, and (c) 
core cracking or lamination. Core cracking, which is fairly common in the extrusion 
of brick, is not due in any way to the die but partly to the pug shaft and worm boss and 
partly to the action of the worm tending to form the material in layers. S. discusses 
in detail the causes and cures of these various troubles. Different types of worms 
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are described as well as dies, such as the plain cast-iron die, lubricated dies, re 
dies, and multiple dies. R.A.H. 

A revolu mill? Eprrortat. Can. Mining Met. Bull., No. 247, pp. 597-601 
(1932) .—The Hadsel mill (Hardinge Co.) is described and results of crushing tests 
are given. Advantages claimed for the mill are (1) it is the only device of its kind that 

can reduce run-of-mine ore to a finished product in one operation, (2) it is simple to 
poet and not easily overloaded, (3) repair costs and operating costs are very low, 
and (4) the installed cost is much ‘less than that of crushing, grinding, and classifying 
units to do the same work. G.M.H. 

Calorimixer. C. S. Prvcerton. Can. Mining Met. Bull., No. 225, pp. 51-55 
(1931).—Cutler-Hammond, Inc., has developed an instrument for the automatic mix- 
ing of gases to maintain a uniform heating value of the mixture. The instrument gives 
practically instantaneous response to changes in heating value. G.M.H. 

-roll mills os. mill drying. Horst Lancer. Zement, 20 [42], 918-21 (1931); 
Rock Proa'., 35 (17): 36 (1932).—L. described the Loesche mill, which is a ring-roll mill, 
giving as its chief advantage the fact that it will grind material containing considerable 
moisture, ‘thus eliminating predrying. He cites an actual case and gives data. 
W.W.M. 

Flow phenomena in pug mills. E.H.Fiscner. Ceram. Age, 20 [2], 56-59 (1932).— 
F. discusses phenomena occurring in pug mills and auger machines and suggests an im- 
provement in pug-mill knife design. R.G.M. 

Device for nn work input to a laboratory ball mill. JonHn Gross AND 
Stuart R. ZIMMERLEY ‘an. Mining Jour., 52 [14], 352-53 (1931); for abstract see 
Ceram. Abs., 10 [6], 448 (1931). G.M.H. 

New type of fine grinding roller. ANon. Brit. Clayiyorker, 41 [485], 196 (1932).— 
The special feature is an axial motion given to the rolls ya special device so that a 
tearing action on the clay takes place horizontally aswell as in the direction of rotation. 
This axial movement also ensures a uniform wear on the rolls which obviates the neces- 
sity for frequent grinding on their faces. R.A.H. 

Science of ore reduction. I. G.B.Lrivincoop. Can. Mining Jour., 53 [5], 207-12 
(1932).—This paper deals with (1) primary crushing, (2) choice of the initial breaker, 
(3) the Dodge and Blake types of jaw crusher, and (4) the Gates and McCully types 
of gyratory crusher and later improvements. Jbid., 53 [6], 262-64 (1932).—Reduc- 
tion crushers and the cone crusher are discussed. II. Jbid., 53 [7], 293-96 (1932).— 
Crusher feeders are discussed under the following headings: (1) apron feeder, (2) heavy 
duty apron feeders, (3) Sheridan grizzley feeder, (4) scalping feeders, (5) rotary grizzley 
and feeder, (6) Burch nonclogging grizzley, and (7) live roll grizzley. III. Jbid., 53 
[8], 352-55 (1932).—Crushing rolls are discussed under the following headings: (1) 
heavy duty rolls, (2) extra heavy duty rolls, (3) speed of operation, (4) correct method 
of feeding, and (5) crushing roll performance. G.M.H. 

Selection of grinding apparatus for the silica brickworks at Bilimbayevo. A. — 
Kov. Ukrainsky Silikaty, No. 10, pp. 235-38 (1930). I.P. 

New sand pump. Krvetic E.utrriators, Ltp. Can. Mining Jour., 53 BI 140 
(1932).—The Wallwin pump handles gravel, sand slurry, and other abrasive materials. 
All parts coming in contact with the material being pumped are protected. G.M.H. 

Laboratory coal-fired furnace for P.C.E. determination. A.N.Syssovev. Ukrain- 
sky Silikaty, No. 4, pp. 166-68 (1928); for abstract see Ceram. Abs., 8 [7], 519 (1929). 

S.L.P. 


= for facilitating the transportation of brick, etc. A. Pont. Tonind.-Zig., 
56 [81], 1007-1008 (1932).—Several simple means are described for facilitating the 
transportation ir plants, such as slides, rolls and one-rail tracks, revolving tables, etc. 
Illustrated. W.M.C. 
Weighing on conveyers. A. Koryenevsky. Ukrainsky Silikaty, No. 4-5, pp. 71- 
72 (1929). S.L.P. 
Lubrication and care of conveyers. K.Scuéiikopr. Tonind.-Zig., 56 [80], 992-93 
(1932).—The upkeep of different types of conveyers is discussed in detail. W.M.C. 
Rationalization of transport in ceramic works. I to III. Z. SLonmmsky Anp L. 
.Vorrkevitcn. Ukrainsky Silikaty, No. 2, pp. 40-50; No. 3-4, pp. 78-86; No. 5, 
pp. (1931). 'S.LP. 
of glaze pastes, engobes, and clay slips. ANon. Keram. Rund., 39, 489-91 
(1981) —Hygrometer and weighing flasks for measuring specific gravity and a flow- 
meter type of viscosimeter are described. H.I 
Industrial dilatation pyrometers. P.CHEVENARD. Rev. mét., 29 [9], 442 (1932).— 
It is claimed that recent improvements have removed most of ‘the objections to the 


1933 EQUIPMENT AND APPARATUS 29 


old pyrometers of this type. The three following dilatation pyrometers are used at 
1000°C: (1) a simple indicating instrument in which a lever is moved directly by the 
expansion of a small piece of a special alloy, (2) a recording pyrometer of essentially 
the same design, and (3) a recording pyrometer which indicates, in addition to the 
temperature, the expansion of another metal and is useful in heat treating metals. All 
three types can be made to act as controllers. J.B.A. 
Flowmeters and recorders in the paper mill. H. C. Macaurtzey. Paper Trade 
Jour., 95 él. 30-31 (1932). J.L.G. 
Ph cal analysis of oilsands. P.G.Nuttinc. Bull. Amer. Assn. Petroleum Geol., 
14 [10], 1837-49 (1930).—Various improvements and refinements have been intro- 
duced in methods and apparatus used at the U. S. Geological Survey in work on rock 
and grain densities. A new form of precision pycnometer and new methods are de- 
scribed, with a simple method of measuring permeability. Common sources of error 
and the interpretation of results are discussed in some detail. G.M.H. 
Hydrostatic balance to determine the specific gravity of solid bodies. V. V. Suro- 
DEIKIN. Ukrainsky Silikaty, No. 7, pp. 157-58 (1930).—A balance invented by S. is 
described. S.LP 
Testing wire cloth. Hecut. Tonind.-Zig., 56 [80], 996-97 (1932).—New standard 
specifications for testing wire cloth are proposed. The new testing apparatus used by 
the Tonindustrie-Laboratorium, Berlin, Germany, is described. W.M.C. 
Investigations of the workability of clays and ceramic bodies with the impressed 
sphere plastometer. W.M. Conn. Keram. Rund., 39 [10], 146-48 (1931).—An im- 
provement of an impressed sphere plastometer (see " Ceram. Abs., 8 [11], 841 (1929)) 
is illustrated and curves showing the relation of load to moisture content, load to sphere 
impression, duration of load to sphere impression, etc., as obtained with the instru- 
ment for two different clays, are given. See also Ceram. Abs., 10 [8], 586 (1931). 
H.I 


Vacuum method of determining the ity of grog masses. M. A. BESBORODOV 
AND N. N. VEssetKova. Ukrainsky Silikaty, No. 4, pp. 68-73 (1930). S.1L.P. 
wa of dry pressing. RUMYANTZEV. Ukrainsky Silikaty, No. 10, sais 


I 

Wire ropes for mines. C.D. Meats. Can. Mining Jour., 53 [7], 305-11 (1932).— 
This paper discusses (1) grades of ropes, (2) construction of ropes, (3) lays of ropes, 
(4) properties of constructions of ropes, (5) properties of lays of ropes, (6) flattened 
strand ropes, (7) tru-lay ropes, (8) independent wire rope centers, and (9) lubrication 
of ropes. G.M.H. 

Flexible steel bands for drives. ANon. Brit. Clayworker, 41 [485], 205-207 
(1932).—The band is cold-rolled, hardened, tempered, and polished steel, with rounded 
and polished edges in nine widths. Numerous illustrations are given of installations 
together with detailed descriptions thereof. R.A.H. 

Individual and group drives. Investment and operating cost data. IV. "ee 
Drake. Maintenance Eng., 90 (9), 352-56 (1932).—First costs of group and individual 
drives are considered. Tables showing actual cost data for six characteristic types of 
industrial plants are presented. Illustrated. V. Jbid., 90 [10], 387-91 (1932).—Total 
annual costs are given of group and individual drives with tables showing comparative 
cost data for six characteristic types of industrial plants. Conclusions are presented for 
ion series of articles. Illustrated. For Part III see Ceram. Abs., 11 G1) 599 
1932). J.L.G 

Fundamentals and economies in the clay industries. XXI. Exuis Lovejoy. 
Clay-Worker, 98 [4], 140-41 (1932) .-—Continuing his discussion of drying and driers, 
L. points out that the major physical factors in drying are (1) shrinkage, (2) physical 
structure as it affects initial stretching, flow of shrinkage water, and subsequent shrink- 
age, (3) shrinkage force involving elasticity, surface tension, cohesion, and adhesion, 
and (4) differential flow of the shrinkage water. The fundamental practical factors 
in drying are (1) heat, air, and humidity, (2) circulation of the drying medium, (3) 
capillarity and its relation to surface evaporation, and (4) capacity operation. For 
Part XX see Ceram. Abs., 11 [12], 641 (1932). E.J.V. 


PATENTS 


Clay-gun structure. A.F.Grese. U. S. 1,881,478, Oct. 11, 1932. 
o Ciey, sun piston position indicating means. A.F.Grese,Jr. U.S. 1,881,479, Oct. 
Process and apparatus for casting ceramic articles. B.S. Purtnron. U. S. 1,882,- 
191, Oct. 11, 1932. 
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Feeder for pulverized materials. R.S. Moore (American Smelting and Refining 
Ca, U. S. 1,882,861, Oct. 18, 1932. 

ethod and apparatus for distributing materials. F. P. Nickerson (W. S. Tyler 
Ga) U. S. 1,882,864, Oct. 18, 1932. 

press. H.F. (Hydraulic Press Mfg. Co.). U.S. 1,884,060, 


Clay pouring apparatus. Ler Snowers (Pittsburgh Plate Glass Co.). U. S. 
1,885,774, Nov. 1, 1932. 


Kilns, Furnaces, Fuels, and Combustion 


Downdraft kiln construction. ANTON Voct. Clay-Worker, 98 [4], 148 (1932).— 
Some of the fundamentally sound principles to be considered in the construction of a 
downdraft kiln and in its operation to obtain satisfactory ware are semen. and 
briefly discussed. E.J.V 

Experimental studies of kilns and continuous driers made by the Technical Service 
of the Syndicate of French Ceramic Manufacturers of France, during the year 1931. 
V. Bopin AND P. Céramique, 35 [532], 154-60 (1932).—As in previous 
years, a great deal of operational data are presented in tabular form. One table deals 
with kilns with parallel galleries, the other with tunnel driers. Difficulty was encoun- 
tered in arriving at a cost for the waste heat used in the driers. The data on gallery 
kilns show that length is not absolutely essential for economical operation and that, 
when production is decreased, the firing schedules should be revised. Data on 11 tunnel 
driers are given. They illustrate the importance of the characteristics of the clays. 
The six clays studied varied in their maximum hourly loss in weight as determined in 
the Bodin-Gaillard drier from 0.12 to 4.34 and in drying times, similarly determined, 
from 138 hr. 3 min. to 6 hr. 2 min. The relative merits of tunnel and chamber driers 
are discussed. A.E.R.W. 

Construction of an experimental furnace for firing refractories. I, II. N. N. 
Rupnev. Ukrainsky Silikaty, No. 10, pp. 229-34; No. 11-12, pp. 284-93 (1930). 

S.I.P. 
Electric ceramic furnaces. M.I.Nexritscn. Ukrainsky Silikaty, No. 2, pp. 70- 
73 (1928). S.L.P. 
an ia for firing fat clays. G.O.Gross. Ukrainsky Silikaty, No. 7-8, pp. = 

1 S.I 

Mechanical stoking of ceramic kilns and domestic heating appliances. A. ay 
Céramique, 35 [533], 178-83 (1932).—After pointing out the advantages to be derived 
by the use of mechanical stokers on kilns, H. gives a description, illustrated with photo- 

graphs and diagrams, of a small underfeed stoker developed especially for kiln use. 

A.E.R.W. 
Gas-fired regenerative oven economy. ANON. Times Eng. Supp., 30, 463 (1932).— 
Substitution in England of gas for coal has resulted in the firing cost being reduced 
from 7'/, to 5% of selling price of article, time taken in filling small orders reduced 
from 14 to 3 days, rejects halved in number, furnace maintenance becoming a negligible 
sum, the biscuit fired in one stage instead of two, and much more ware placed in a given 
space. H.H.S. 
Introduction of air in shaft cement kilns. E. Scurrm. Zement, 20 [35], 796-801 
(1931); Rock Prod., 35 [17], 36 (1932).—S. describes the advantages and disadvantages 
of shaft cement kilns as compared with rotary cement kilns and illustrates a number 
of methods for introducing air into shaft kilns to effect a better air distribution with 
consequent more uniform clinkering. W.W.M. 
Refractory radiant burners. Lamort. Glastech. Ber., 10 (9), 480-82 (1932).—The 
manner in which these burners work is described and their advantages are pointed out. 
The Anton burner and the WIO (Westdeutscher-Industrie-Ofenbau) burner are de- 
scribed and illustrated and their performance is discussed. W.W.B. 
ue and furnace economy in the ceramic and glass industries. FRANz 
Angew. Chem., 45 [39], 622 (1932); for abstract see Ceram. Abs., 11 [11], 
L.T.B 

pments in fuel technology. R.Wiccinton. Fuel Sci. Prac., 9 [11], 497-99 
(1930).—W. discusses (1) use of pulverized fuel, (2) boxed coal, (3) oil- shale, and (4) 
gasification of coke breeze. IJbid., 9 [12], 545-47 (1930).—W. reviews current events in 
the following fields: (1) industrial use of coal gas, (2) power production, and (3) oil 

production. See also Ceram. Abs., 11 [4], 260 (1932). R.G.M. 
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Economic balance of steam and hydro capacity. K.M. Irwin Anp Jogt D. Justin. 
Power Plant Eng., 36 {18}, 706-707 (1932).—Steam and hydro-electric developments 
can not be directly balanced against one another but must be considered in relation 
to the system as a whole. Such considerations are taken up in detail. E.P.R. 

Fuel research. M.W. Travers. Discovery, 13, 245-48 (1932).—Results of labora- 
tory research are now increasingly being applied in practice. The benzenoid structure 
of coal, low-temperature carbonization, and new methods of burning coal are discussed. 

4.H.S. 

Rationalization of firing refractory materials. N.N.Rupnev. Ukrainsky ay 
No. 1-2, pp. 6-11 (1930). S.I 

Data. XI. T.W.Garve. Clay-Worker, 98 [4], 149 (1932).—G. takes up aauael 
gas as a fuel, discussing its composition and properties. In discussing fuel consump- 
tion he presents approximate data for coal, gas, and oil per ton of ware. For Part X 
see Ceram. Abs., 11 [11], 588 (1932). E.J.V. 

Oil fuel in the brick industry. I. Luspnockx. Brit. Clayworker, 41 [486], 241-49 
(1932).—The advantages of fuel oil for firing ceramic ware are summarized as follows: 
(1) uniform and regular firing, resulting in a high proportion of first quality ware; 
(2) a definite shortening in the time of firing, resulting in reduced heat losses, labor 
costs, and overhead charges; (3) absolute control of combustion and temperature in- 
crease at all stages of the firing; (4) oxidizing or reducing conditions obtained at will 
at any period of the firing; (5) reduction in labor costs and by eliminating the physical 
effort of stoking, enabling the man in charge of the kiln to give more attention to control; 
(6) elimination of dirt, ash, and smoke apart from the space saved and the deterioration 
avoided on a large coal dump; (7) in a properly designed kiln with modern high-grade 
refractories suitable for fuel oil, there is a distinct saving on kiln maintenance in the 
elimination of damage to brickwork; (8) in many brickworks oil fuel can now take its 
place for ail general purposes, including the drying tunnels and engines for power pro- 
duction. L. describes the results obtained with fuel oil in three different brickworks 
and briefly discusses burner design and combustion chambers. The process of drying 
brick, as well as sand, by fuel oil is described with data obtained in one plant. Data 
are also given on the results obtained with the use of oil-fired kilns by a manufacturer of 
terra cotta and tile in Australia. See also Ceram. Abs., 10 [11], 800 (1931). R-.A.H. 

Bunker C and cracked residues as boilerfuel. T.B.Sriiman. Power Plant Eng., 
36 [18], 711-12 (1932).—Viscosity and not gravity should be used as a guide. 


E.P.R. 
Fluxing of ashes and slags as related to the slagging type furnace. P. we s 
AND W.T. Rem. Fuel Sct. Prac., 11 [9], 320-39 (1932). R.G.M. 


Behavior of solid fuels during oxidation. Burrows Moore. Fuel Sci. Prac., 11 [7], 
267-73 (1932). R.G.M. 
Constitution and nature of Pennsylvania anthracite compared with bituminous coal. 


H. G. Turner. Fuel Sci. Prac., 11 [7], 254-61 (1932). R.G.M. 
Microscopical and X-ray study of Pennsylvania coals. H. G. TURNER AND N. V. 
ANDERSON. Fuel Sct. Prac., 11 [7], 262-66 (1932). R.G.M. 


Geological history of coal. Grorce A. Hicxiinc. Can. Mining Jour., 52 {17}, 
428-29 (1931); see also Ceram. Abs., 10 [11], 805 (1931). G.M.H. 


BOOKS AND BULLETIN 


Transactions of the American Institute of Mining and Metallurgical Engineers. Vol. 
101, Coal Division (1932). 298 pp. This volume contains nineteen papers on the min- 
ing, preparation, properties, and uses of coals. A paper by R. V. Wheeler reviews the 
British Coal Mines Act of 1930 which embraces a plan similar to the plan recently 
drawn up in this country and which is now being tested in the courts as to its legality. 
A comprehensive résumé of the low-volatile coals of West Va. is given in a paper by 
Howard N. Eavenson, and another paper by C. E. Lawall and C. T. Holland describes 
the physical characteristics of various coals of West Va. Fourteen of the papers cover 
the use, classification, and properties of coals. One of these by H. P. Reid is “‘Use 
Classification of Coal in the Portland Cement Industry,” wherein R. describes the burn- 
ing of coal for the following purposes in the cement industry: (1) generation of power, 
(2) drying of raw materials, and (3) calcination of the raw materials to cement clinker; 
the properties desirable in the coal are outlined. The consumption of heat varies from 
1,000,000 to 2,000,000 B.t.u. per barrel (376 Ib.) of cement at different plants. ‘‘Proper- 
ties of Coal Which Affect Its Use in the Ceramic Industry,”” by W. E. Rice, defines a 
desirable coal for the firing of kilns as one whose proximate analysis is as follows: mois- 
ture 2%, volatile matter 36%, fixed carbon 56%, ash 6%, sulphur not more than 1%, 
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calorific value 14,000 B.t.u. per pound, softening temperature of ash 2600°F, color of 
ash, white, size 2x4 in., fuel ratio (fixed carbon + volatile matter) not less than 
1.5; coal should be hard enough to withstand handling without degradation of size, 
and should not coke or cake strongly. Reasons for these requirements are given and 
the deviations from this type of coal used in the industry are discussed. See also 
Ceram. Abs., 11 [5], 319 (1932). W.E.R. 
Modern Com and Fuel Fallacies. Ciarence V. Beck. 382 pp. 
Mid-West Coal Retailer, Chicago, Ill., 1931. Price $3.00. Reviewed in Can. Mining 
Met. Bull., No. 236, p. 1346 (1931). G.M.H. 
Clinker formation as related to the fusibility of coal ash. P. NicHoLis AND W. A. 
Se.vic with appendix by E. B. Ricxerrs. Bur. Mines Bull., No. 364. 7l pp. From 
Supt. of Documents, Govt. Printing Office, Washington, D. C. 10¢. The first part 
of the report covers chemical and physical tests of average samples of coals included 
in the study, the chemical analysis of the coals, float and sink tests to determine dis- 
tribution of ash, the determination of the forms of sulphur, chemical analysis of the 
ash, and ash fusibility determinations. The second part includes clinkering studies 
and comparisons of results with ash fusibility and other tests. R.A.H. 


PATENTS 


Car er for tunnel kilns. F. O. Mmxar anp W. C. Denison, Jr. U. S. 
1,881,828, Oct. 11, 1932. 

Kiln. H.M.Ropertson. U.S. 1,883,400, Oct. 18, 1932. 

Wi beam conveyer. R. S. Cocnran (Surface Combustion Corp.). U. S. 
1,883,763, . 18, 1932. 

mechanism for furnaces. W.M. Hepsurn (Surface Combustion Corp.). 

U. S. 1,883,788, Oct. 18, 1932. 

Ware P. p’H. Dresser (New Castle Refractories Co.). U.S. 1,885,691, 
Nov. 1, 1932. 


Tunnel kiln. Joun Fetzer. U. S. 1,885,811, Nov. 1, 1932. 

Muffie kiln. L.W. Manton. U. S. 1,886,491, Nov. 8, 1932. 

Means for the combustion of pulverized fuel. E. W. Green, G. R. UNTHANK, AND 
Davip Dunn (Buell Combustion Co., Ltd.). U.S. 1,887,015, Nov. 8, 1932. 

Means for firing brick. N.B.Kenpricx. U.S. 1,887,206, Nov. 8, 1932. 


Geology 


Desericitization: a process operative during high-temperature mineralization. 
R. E. LANDON. Amer. Mineralogist, 17 [9], 449-54 (1932).—A high-temperature solu- 
tion carrying the chemical constituents of orthoclase can replace sericite. The replac- 
ing orthoclase can assume a crystallographic orientation and structure similar to that 
of the first generation. G.R.S. 
Occurrence of fluorine in natural phosphates. H. L. Marsnart, K. D. Jacoss, 
AND D. S. Reynoips. Ind. Eng. Chem., 24 [1], 86-89 (1932); Rock Prod., 35 [4], 45 
(1932).—Analyses of 137 samples of phosphate rock from 34 localities and countries 
throughout the world indicate that fluorine is a characteristic constituent. It occurs 
in quantities ranging from about 0.40 to 4.25% of the sample. In general, commercial 
phosphate rock from continental deposits is characterized by relatively high fluorine- 
phosphoric acid ratios, about 0.090 to 0.140, while samples from island deposits have 
relatively low ratios, about 0.010 to 0.085. R.G.M. 
Separation and identification of the alkaline earth metals. P. E. WmLIAMS AND 
\: 2 Chem. News, 145 [3780], 177-84 (1932).—A description is given of the 
use of acetone in the precipitation of the carbonates of the alkaline earth metals. Sepa- 
ration of Mg from the alkali metals by acetone and ammonium carbonate is treated. 
Strontium and calcium are separated as paratoluates in acetone-water solutions. Cal- 
cium nitrate is separated from barium and strontium nitrates by acetone. A brief out- 
line of the methods is given. G.R.S. 
Methods of thetic minerals for polished surface study. G.M.Scuwartz. 
Amer. Mineralogist, 17 [10], 478-84 (1932).—Many synthetic minerals may be made 
by the method described. It provides a source of chemically pure compounds which 
may be studied on a polished surface and thus slight changes induced by natural or 
added impurities may be detected. G.R.S. 
Chemical nature of joaquinite. C. PALAcHE AND W.F.Fosuac. Amer. Mineralo- 
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gist, 17 [7], 308-12 (1932).—Chemical analyses give the formula, NaBa(Ti, FetOu. 
The physical and crystallographic characteristics are given. 

Ferrotremolite, oxyhornblende, and tourmaline. A. N. WINCHELL. 
eralogist, 17 [10], 472-77 (1932).—**Ferrotremolite” is the name proposed for the pure 
iron end member of the amphibole series. ‘“Oxyhornblende’’ is suggested for basaltic 
hornblende. Graphs are given showing the relation between optic properties and chemi- 
cal composition in certain binary series of the tourmaline system. G.R.S. 

Geochemical-genetic classification of granite tites. A. FERSMANN. Mineralog. 
petrog. Mitt., 41 i 64-83 (1931).—The process of formation of pegmatites is effected 
in three related steps, a magmatic, a pegmatoid, and a hydrothermal, which can be 
separated into ten-degree intervals of temperature. The regular crystallization which 
follows in each phase yields the mineral paragenesis characteristic of the type of peg- 
matite which can be arranged in three principal series, a straight line, a contact, and a 
magmatic line. G.R.S. 

Chemical composition of noselite and haiiyne. T.F.W.Bartu. Amer. Mineralo- 
gist, 17 [10], 466-71 (1932).—Noselite (NasSigAlsOx-SO,) was synthesized by mixing 
glass of the composition NaAlSiO, with Na;SO, corresponding to the ratio 6:1. When 
heated it became homogeneous and X-ray analysis showed it to be identical with natural 
noselite. Natural haiiyne (Na,Ca)¢sAlSigOx-(SO,):-2 is not a chemical compound 
but a mixed crystal with noselite as one end member and a Ca-bearing silicate or sili- 
cates as other end members. G.R.S. 

Structure and correlation of metamorphic rocks in southeastern New York. Ropert 
Bark. Proc. Nat. Acad. Sci., 18 (10), 616-30 (1932).—An extensive bibliography is 
appended to a thorough consideration of the subject. Illustrated. J.L.G. 

Serendibite from Warren County, New York, and its paragenesis. E.S. Larsen 
AND W. T. SCHALLER. Amer. Mineralogist, 17 [10], 457-65 (1932).—Serendibite has 
been found.in considerable quantities in Warren County, N. Y., the second known oc- 
currence of this borosilicate. Its occurrence and associated minerals are described. 
The serendibite is massive, showing no crystal faces, is optically triclinic with an axial 
angle near 90°, and is in part optically plus and in part optically minus. Its indices 
of refraction and pleochroism are a = 1.701, very pale yellowish green, 8 = 1.703, 
nearly colorless, and y = 1.706, Prussian blue. It has prominent polysynthetic twinning 
resembling that of the plagioclase feldspars. The optical orientation is shown in a 
diagram. Two analyses gave the formula 3Al,0;4Mg0-2Ca0-B.O0;-4SiO,. G.R.S. 

Clays of Tertiary age in northern Idaho and eastern Washington. Epwarp L. 
TULuts AND F. B. Laney. Northwest Sci., 6 (2), 30 (1932).—This is an abstract of a 
paper presented at the annual meeting of the Northwest Scientific Assn. at Spokane, 
Wash. It discusses the distribution, extent, and present and possible future utiliza- 
tion and reserves of the white clays of this region. The classification and geological 
occurrence as well as the mineralogical composition and origin are discussed. A.K. 

Bavenite, a beryllium mineral, pseudomorphous after beryl, from California. W. T. 
SCHALLER AND J. G. Farrcuitp. Amer. Mineralogist, 17 (9), 409-22 (1932).—Bavenite 
is a beryllium mineral with about 3% BeO. Three new crystal forms were determined 
and the optical properties are given. Chemical analyses indicate the formula, 9SiO,-- 
Al,O;-BeO-4CaO-H,0. G.R.S. 

Pumpellyite from California. J. Invinc, M. VoNSEN, AND F. A. GONYER. Amer. 
Mineralogist, 17 (7), 339-42 (1932).—Two varieties of pumpellyite are described. 
Analyses and optical properties are tabulated. A suggested formula for the mineral 
is where R = (Al:Mg+Fe) = 5:1. G.R.S. 

Unusual feldspar crystals at Moneta, Virginia. J. H. Benn. Amer. Mineralogist, 
17 [10], 492-93 (1932).—A description is given of a number of large feldspar crystals 
weighing from 62 to 800 Ib. G.R.S. 

Beryl in Manitoba. J.S. De.ury. Can. Mining Jour., 51 [41], 1015-18 (1930).— 
Beryl occurs in pegmatites. It is possible that beryl may be produced eventually from 
pegmatites exploited primarily for some other mineral. G.M.H. 

and de tion of chromite deposits in Turkey. Wo.ir HenckMANN. Metall 
Ers, 28 [8], 181-85 (1931).—The region in which the deposits are found is described. 
The ores are divided among four districts of which the characteristics are given. The 
relative amounts of chromite and iron in the ores are included. L.T.B. 

Study of color of kaolin with Ostwald’s photometer. E. A. GALABUTSKAYA. 
Ukrainsky Silikaty, No. 8-9, pp. 139-40 (1929). S.LP. 

Statistics of mineral production. Symposium. Anon. Can. Mining Met. Bull., 
No. 229, pp. 571-89 (1931).—The 1930 mineral production of Canada is reviewed by 
provinces. G.M.H. 
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Study of low-grade refractory clays of Chassov-Yar. T.Kirvan. Ukrainsky Sili- 
katy, No. 9, pp. 378-82 (1928); see following abstract. S.L.P. 
Characteristics of refractory clays from Chassov-Yar. I. I. KUZMENKO. Ukrainsky 
Silikaty, No. 11-12, pp. 477—80 (1928); see also Ceram. Abs., 7 [7], 452 PO 9 (8), 
675 (1930). S.LP 
Clays of Stetzkivka in Sumy’s district. P. A. ZemiaTcHENSKy. Ukrainsky Sii- 
katy, No. 8-9, pp. 225-29 (1931). SLP. 
Important properties of clays of the Latninsky deposit and their classification. 
V. P. ZupcHANtNov. Ukrainsky Silikaty, No. 10, pp. 307-309 (1931); for abstract see 
Ceram. Abs., 11 [7], 417 (1932). S.L.P. 
Occurrences of refractory under-kaolinic clays in the eastern part of the Ukrainian 
crystalline plate. G.G. Petrov. Ukrainsky Silikaty, No. 5, pp. 136-40 (1931). 
S.L.P. 
Study of the properties of kaolin from “Bila Balka.”” B.S. Lyssin anp E. A. Gaa- 
BUTSKAYA. Ukrainsky Silikaty, No. 7, pp. 109-11 (1929); see also Ceram. Abs., 9 [7], 
575 (1930). S.LP. 
Kaolin of Volnovakha at Mariupol District. S.Kocan. Ukrainsky Silikaty, No. 9, 
pp. 325-28 (1927); see also Ceram. Abs., 11 [3], 206 (1932). S.L.P. 
Study of kaolin of Turbovo. B.S. Lyssin. Ukrainsky Silikaty, No. 7-8, pp. 301- 
306 (1928). S.L.P. 
Ukrainian silex and its value in the ceramic industry. F. Lyssenxo. Ukrainsky 
Silikaty, No. 2, p. 70 (1927). S.L.P. 
BOOKS AND BULLETINS 
Table for Determining Minerals by Means of Their Physical Properties, Occurrences, 
and Associates. EpWarRD HENRY KRAUS AND WALTER FRED. Hunt. Reviewed in 


Can. Mining Met. Bull., No. 225, pp. 46-47 (1931); see also Ceram. Abs., 10 [10], 728 
(1931). G.M.H. 


Tables of Crystal Structure. Knaccs, B. KARLIK, AND C. F. ELam. Adam 
Hilger, London. 90 pp. Price lie. Gd Mining & Met., 13 [311], 9 (1932).—This 


should prove a useful reference work for those who use X-ray methods of crystal analysis 
Part 1, by Knaggs and Karlik, deals with elements and compounds, whereas Part 2, 
by Elam, treats of alloys. E.J.V. 
Feldspars and Their Practical Determination. Kari Cuupopa. 50 pp. 4 tables. 
E. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart, 1932. Reviewed in Amer. 
Mineralogist, 17 (9), 456 (1932); for abstract see Ceram. Abs., 11 [8], 468 (1932). 
G.R.S. 
Occurrence of the Chemical Elements in the Earth. (Das Vorkommen der Chemi- 
schen Elemente auf der Erde.) Grorc Berc. Johann Ambrosius Barth, Leipzig, 
1932. 16M. Naturwissenschaften, 20 [40], 744 (1932).—This book is important as a 
first attempt to represent the most important experiments of geochemical migration 
of materials and enrichments in a comprehensive volume. L.T 
Physics of the earth. V. Oceanography. Prepared under auspices of the Subsidiary 
Committee on Oceanography, N. H. Hecx, Chairman. Bull. Nat. Research Council, 
No. 85 (1932).—There are 16 chapters written by different authorities on specific phases 
of oceanography. J.L.G. 
Refractory Claysin Canada. J.F. McManon. Memorandum a No. 57, Mines 
Branch, Dept. of Mines, Ottawa, Canada. Can. Chem. Met., 16 [10], 35 (1932).— -The 
deposits of refractory clays in Canada are reviewed. The present position of produc- 
tion is discussed and the qualities of some of the clays being used are described. Refer- 
ences to all the work that has been done on these clays are compiled herein. E.J.V. 
Geophysical Abstracts, No.41. F.W.Lee. Bur. Mines Information Circ., No. 6669. 
Free. This is a report or a monthly review of books and journal articles on methods 
of geophysical prospecting and geologic interpretation of findings by such methods. 
For No. 40 see Ceram. Abs., 11 [12], 642 (1932). R.A.H. 


Chemistry and Physics 


Thermal expansion of low-fired, lime-containing ceramic bodies. W. SrecEr. 
Ber. deut. keram. Ges., 13 {9|, 412-26 (1932).—The average linear coefficients of ther- 
mal expansion of low melting sfnane for pottery, vitreous ware, and white ware between 
room temperature and their transformation point lie within the limits of 55 xk 107? 
and 100 X 10-7. The common value is around 80 X 1077. Bodies were made up of 


| 
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pure kaolin, a low sintering clay containing no sand, and sand with a content of 10 to 
40% washed chalk. These bodies were fired at Seger cone 07a. Determinations of 
shrinkage, firing shrinkage, water absorption, and average linear thermal expansion 
between 20° and temperatures up to 700° were made on the fired bodies. In general, 
the lime carbonate tends to increase the thermal expansion of kaolin or clay. This 
effect is numerically different, as equal amounts of lime carbonate are added to kaolin, 
a low sintering clay, or a mixture of low sintering clay and fine ground sand. In 
bodies of Zettlitz kaolin and washed chalk the latter has practically no effect on the 
expansion up to 300° in amounts up to 20%. The increasing effect on the expansion 
of a low sintering clay by equal amounts of lime carbonate is considerably greater than 
in Zettlitz kaolin. A 20% addition of sand increases the expansion of lime-containing 
bodies to a considerable degree even below the quartz inversion at about 575°. It 
decreases the firing shrinkage of lime-containing bodies and increases their water ab- 
sorption. The addition of 20% sand to a low sintering clay has a noticeable effect on 
the expansion of the clay only above 500°. The substitution of fine ground sand for 
20% lime carbonate produces no change of practical significance in the expansion up 
to 500°. The firing shrinkage and water absorption, however, are changed considera- 
bly. The greatest value for the increase in thermal expansion of pure clays as de- 
termined for technically usable bodies, up to the transformation point of low melting 
glazes which lies in the neighborhood of 400°, amounts to 36% in a body of 70% low 
sintering clay and 30% washed chalk and 64% in a body of 50% low sintering clay, 
20% sand, and 30% washed chalk. The two bodies of 70% kaolin or 70% clay with 
30% washed chalk, which approach the chemical composition of anorthite, have an 
average coefficient of thermal expansion in the range of 20 to 300°, similar to that of 
anorthite. Additions of 40% washed chalk to a sand-free kaolin or clay produce, at 
a firing temperature of Seger cone 07a, bodies which warp or, with additions to a low 
sintering clay, pock mark. For practical purposes, additions of 40% lime carbonate 
to clays are also regarded as too high. Kaolin or clay bodies with 30% lime carbonate 
are technically usable, 30% also being the limit for the addition of washed chalk to 
sand-free bodies. If 20% fine ground sand is used in a body at the same time, the lime 
carbonate can be increased to 40% without harming the technical applicability of the 
body. It is, however, safer to use a smaller addition, less than 40%. The greatest 
thermal expansion among the experimental bodies was obtained with a body of 40% 
sea clay, 20% sand, and 40% washed chalk, with an average coefficient of thermal 
expansion of 82 X 10-7 between 20 and 400° and 85 X 107? between 20 and 500° 
EJ.V. 
Fundamental equations and definitions concerning the mechanics of isotropic 
continua. K. HOHENEMSER AND W. Pracer. Jour. Rheol., 3 [1], 16-22 (1932). 
Beginning with the equations of movement for deformable materials, the general assump- 
tions of the theory are given. A system of the simplest ideal materials serves to define 
the ideas, fluid, solid, plastic, viscous, damping, etc., and to discuss the essential quali- 
ties of the ideal materials. G.R.S 
Rintgenographic investigation of ceramic materials. V.P. MazuRENKO AND I. I 
KuzMENKO. Ukrainsky Siltkaty, No. 11-12, pp. 249-55 (1930). S.L.P 
Plasticity of clays. S. KuzMenKo anp E. Gapon. Ukrainsky Silikaty, No. 7-8, 
pp. 306-10 (1928). S.LP. 
Approximate measurement of the absolute size of pores. M. A. RABINOVICH AND 
N. S. Fortunatov. Ukrainsky Silikaty, No. 4, pp. 161-66 (1928); for abstract see 
Ceram. Abs., 8 [3], 223 (1929). S.L.P. 
NS the grain size of Ukrainian kaolins by the method of Schramm and 
Scripture. A. oo TSKAYA. Ukrainsky Silikaty, No. 3, pp. 120-22 (1928); see 
also Ceram. yr 6 [6], 228 (1927). S.L.P. 
Correct and incorrect statements of elementary crystallographic theory and methods 
in current textbooks. G. TuNELL AND G. W. Morgy. Amer. Mineralogist, 17 [8], 
365-80 (1932).- To assist in making a comparison of the various works of reference, 
a table is given showing the usage of the terms in most of the treatises on optical crystal- 
lography. G.R.S. 
Mix-crystals of Ca,SiO, and Mn,SiO,, W. L.C. Greer. Amer. Mineralogist, 17 
[4], 135-42 (1932).—Optical data appear to indicate that MmSiO, and yCa,SiO, form 
mix-crystals in all proportions. X-ray shows that Ca may replace Mn up to 50% in 
the orthosilicates. Two substances belonging to different crystal systems can not, it 
is supposed, form an isomorphous series. It will be necessary to prove that yCa,SiO, 
is monoclinic. G.R.S. 
Direct titration of magnesium and manganese sulphates using fluorescein as an 
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oe indicator, and the extension of the method to the direct titration of other 

soluble sulphates and alums. A.W. Wetitncs. Trans. Faraday Soc., 28 [7], 561-64 
(1932).—Solutions of magnesium and manganese sulphates may be titrated directly 
with standard barium hydroxide solution using fluorescein as an adsorption indicator. 
Other soluble sulphates which do not yield deeply colored hydroxides may be titrated 
directly in the presence of Mg and Mn acetates. The solutions of sulphates must be 
free from acid. G.RS. 

How to determine magnesium in sandstones and clays without first separating cal- 
(1939) M. K. SumatKo anp G. V. Ukrainsky Silikaty, No. 8-9, pp. 119-23 
1929). S.L.P. 
Simple test for manganese in minerals and rocks. H. Lerrmerer. Mineralog. 
petrog. Mitt., 41 [1], 87-94 (1931).—Very small amounts of manganese in minerals and 
rocks can be detected by the use of the base benzidine. The same test serves for the 
determination of manganese-bearing minerals. G.R.S. 
Direct titration of normal oxalates in neutral solutions using fluorescein as an ad- 
sorption indicator. A.W. Trans. Faraday Soc., 28 (7), 565-66 (1932).— 
Normal oxalates may be titrated directly in neutral solution by standard lead acetate 
solution, using fluorescein as an adsorption indicator at room temperature. G.R.S. 
Ternary m F.C. Kracex. Jour. Phys. Chem., 36 {10}, 
2529-42 (1932).—The melting point relations in the ternary system, K,SiO;-Na,SiO;- 
SiO., are simple eutectoid with respect to the component-binary systems, K,SiO;- 
SiO, and Na,SiO;-SiO,, there being no ternary compounds. A unique type of solid 
solution formation is encountered in the disilicate region, both K:SicO; and NasSie, 
taking up a varying limited excess of the three constituents, K,O0, Na:O, SiO», depend- 
ing upon the composition of the liquid in equilibrium with the crystals. The equilib- 
rium diagrams present the phase relations worked out by the method of quenching, 
the data being given in two tables. G.R:S. 
Thermochemistry of the metasilicates of calcium and magnesium and of diopside. 
HERBERT WAGNER. Z. — Chem., 208 [1], 1-22 (1932).—The specific heats 
of an entire series of silicates have been exactly redetermined for the temperature range 
0 to 1300°C. The true specific heats of a- and 8-wollastonite from 10 to 300°K were 
determined, the mean specific heat of a- and §8-wollastonite, clinoenstatite, and diop- 
side from 273 to 1600°K was measured, and the heat of solution of a- and 8-wollastonite 
in 2nHCl was obtained at room temperatures. The furnace and calorimeter for 
making the specific heat determinations, and the calorimeter for determining the heat 
of solution are described. Experimental data are given in detail. L.T.B 
Method of chemical analysis of silicates used in Chemisches Laboratorium fiir 
Tonindustrie by Seger and Cramer. A. Oremikov. Ukrainsky Silikaty, No. 7, 
pp. 149-54 (1930). S.1.P. 
Silicate chemistry, the foundation of the silicate industry. I. F. PoNoMAREV. 
Ukrainsky Silikaty, No. 6, pp. 148-55 (1931); see also Ceram. Abs., 10 [5], 384 (1931). 
S.I.P. 
Preparing thin sections from quartzites, sands, and different ceramic materials. 
V. G. Popov. Ukrainsky Silikaty, No. 10, pp. 238-44 (1930). S.L.P. 
Transformation of quartz in tridymite. V.B.Krarr. Ukrainsky Silikaty, No. 4, 
p. 74 (1930). S.LP. 
Formation of the el, Al,.ZnO,, by reaction in the solid state. Kurt Hmp. Z. 
physik. Chem., A161 [4-5], 305-14 (1932).—The course of the reaction and reaction 
mechanism during the formation of Al,ZnO, from Al,O; and ZnO is followed by means 
of X-ray studies, microscopical determinations, and heating curves. X-ray patterns 
of the components and of the spinel are given. LFTB. 
Synthesis of copper aluminate, CuAl,O,. Sven Hoicersson. Z. anorg. allgem. 
Chem., 204 [4], 378-81 (1932).—CuAl,O, and CuFe:O, were made by direct aie of 
the oxides without a flux. The latter compound formed easily. The former has a 
spinel lattice; the edge of the unit cube equals 8.064 A. A second method of making 
these compounds is by the use of salts which change to oxides easily, ¢.g., copper ni- 

trate and aluminum sulphate. L.T.B. 

* Thermal equilibrium diagram of the system, zirconium dioxide—beryllium oxide. 
O. Rurr, F. EBert, AND H. VON WARTENBERG. Z. anorg. allgem. Chem., 196 (3), 335- 
36 (1931).—A correction to a former diagram is given in this paper. It has been found 
that no compounds of the two oxides exist. The melting temperatures of mixtures 
in the system are given. See also article by Wartenberg and Werth, Ceram. Abs., 9 
[11], 941 L.T.B. 

Rate of decomposition of zinc carbonate into zinc oxide and carbon dioxide. Gustav 
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ALEXANDER MILLER, AND LenmMann. Z. physik. Chem., B19 [1], 
1-21 (1932).—The kinetics of the reaction ZnCO; —» ZnO + CO, was studied in 
vacuum and in the presence of CO,. The active states of ZnO formed by this reaction 
were investigated. The natural mineral, smithsonite, was used for rica 
Aluminum germanates. Ropert Scuwarz AND Traceser. Z. 
allgem. Chem., 208 [1], 65-75 (1932).—Following the reaction of aluminium chloride 
and sodium metagermanate in neutral aqueous solution there is formed Al:O;- 2GeO,~ 
nH,O. This compound is analogous to the corresponding silicon compound, “‘ i 
The water is held in zeolitic manner. Drying the compound at a teen te 
Al,O;2Ge0,3H,0. On treating this compound with caustic solutions, permutite-like 
com are formed. L.T.B. 
taphoresis of suspended particles. I. Equations of cataphoresis. D. C. 
Henry. Proc. Roy. Soc. [London], A133 [821], 106-29 (1931).—Equations were de- 
veloped for the cataphoretic mobility of rigid spheres and cylinders of any desired elec- 
trical conductivity and for the electroésmotic velocity at plane surfaces or in cylindrical 
channels of any cross-section. II. New experimental method and a confirmation of 
Smoluchowski’s equation. C. G. Sremmer anp D. C. Henry. IJbid., A133 [821], 
130-40 (1931).—Experimental evidence confirms the validity of Smoluchowski’s equa- 
tion for spherical particles of microscopic size and shows that the cataphoretic mobility 
of relatively large particles is independent of their shape. G.R.S. 
Microqualitative analysis of beryllium. H.S. Boorn ann S. G. Frary. Jour. 
Phys. Chem., 36 [10], 2641-50 (1932).—The application of the methods of chemical 
microscopy to the qualitative analysis of beryllium was studied. Two methods are 
proposed, (1) the use of potassium malonate in the manner similar to potassium oxalate, 
tory test 
Classification of silicates. F.Laves. Z. Krist., 82 [1-2], 1-14 (1932).—A study 
was made to determine how high with infinite expansion the space lattice of the tetra- 
hedral Si-O-structural unit can be. The problem was restricted to the special con- 
sideration of sufficient combination possibilities of the regular, equal tetrahedron. The 
results are shown in tables. A spherical packing with coérdination number of four 
was found whose volume is less than the spherical packing of the diamond structure. 
G.R.S. 
Critical remarks on “Studies on the hem ge of kaolin in connection with the 
mullite question” by E. Klever. Orro Krause. Glastech. Ber., 10 [9), 491-93 (1932).— 
The conclusions of Klever (see Ceram. Abs., 8 [11], 846 ( 1929)) are questioned because 
the assumptions on which they rest have not been justified. Krause shows that Klever’s 
calorimetric measurements on Zettlitz kaolin may be so interpreted that the endother- 
mal effect obtained on heating represents a decomposition of the clay substance into 
its constituent oxides, and the exothermal effect represents a formation of aluminum 
silicate, rather than representing the formation of metakaolin and subsequent exother- 
mal decomposition into free oxides, as claimed by Klever. W.W.B. 


Books 


Annual Tables and Numerical Data of Chemistry, Physics, Biology, and Technology. 
General Report. (Tables Annuelles Constantes et Donnés Numeriques de Chimie, de 
Physique, de Biologie et de Technologie. Rapport General.) Edited by CHARLES 
Martz, Paris, 1931. 19 pp. This booklet contains the general report presented in 
the name of the Permanent Commission of the International Committee for & wd 
1931. R 

An Introduction to the Principles of Physical Chemistry. O. Maass anv E. W. R. 
Steacirz. Reviewed in Jour. Phys. Chem., 36 [10], 2684 (1932); for abstract see Ceram. 
Abs., 11 [3], 210 (1932). G.R.S. 


PATENTS 


Production of titanium ents. CHARLES DE RoHDEN (Krebs Pigment and Color 
Corp.). U.S. 1,885,187, Nov. 1, 1932. A process for producing a white pigment com- 
prises digesting hydrolytically precipitated titanium dioxide with dilute hydrochloric 
acid in the presence of a reducing agent. 

Preparation of alkaline-earth aluminates. LonzA-WERKE ELEKTROCHEMISCHE 
FABRIKEN Ges. Brit. 381,390, Oct. 12, 1932. 

Manufacture of sodium aluminate. ImprrraL INpustRigs, Lrp., L. M. 
CLarRK, AND H. M. Sprrtie. Brit. 381,971, Oct. 26, 1932. 
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General 


Active components in ceramic ware. S. Atmazov-Manevicu. Keram. i Steklo, 8 
[7], 21-22 (1932).—-A. examines the questions of the addition of lime to ceramic mix- 
tures and the influence of the different compounds in which lime is introduced as CaCO, 
CaO, and Ca(OH):. The use of limewater for ceramic ware (up to 2% CaO for the dry 
mass) affords good results and facilitates the working. It is recommended to introduce 
lime as Ca(OH), preparing the paste with limewater. This method is called ‘‘the 
method of double firing,”’ i.e., (1) the calcining of the dissociating salts of alkaline metals 
and alkaline-earth metals, and (2) the firing of the calcined salts together ges clay. 

Casting of “fat” clays. Oscar Neuss. Keram. Rund., 39 [26], 371-72 (1931).- 
Plastic, ‘‘fat’’ clays totally unsuited for casting may be made so by preheating to about 
350°C and adding to the casting slip weak ‘‘colloidal’’ acids such as humic acid, water- 
glass, boric acid, tannin, etc. H.I. 

Modern feldspar milling. H.A. Womack. Ceram. Age, 20 [3), 104-105 (1932).— 
W. describes the recently enlarged feldspar mill of the Consolidated Feldspar Corp., 


Rochester, N. Y. R.G.M. 
Standardization of silicate industry. S.I. Perkar. Ukrainsky Silikaty, No. 10, 
pp. 370-77 (1927). S.L.P. 


Books on silicates published in U.S.S.R. (1918-1931). Anon. Ukrainsky — 
No. 6, pp. 190-92 (1931). S.I 

World patent literature on silicates. S.I. Perxar. Ukrainsky Silikaty, No. 20, 
pp. 210-15 (1930). S.1.P. 

Materials used in chemical engineering operations. B. E. RogTHELI AND H. O. 
Forrest. Ind. Eng. Chem., 24 [9], 1018-27 (1932).—The authors classify the materials 
used in chemical engineering operations according to (1) specific chemical, (2) equip- 
ment, and (3) materials of construction. Illustrated. R.G.M. 

Function and organization of a technical library in the service of the mining, metal- 
lurgical, and chemical industries. C.R.Wuittemore. Can. Mining Met. Bull., No 
213, pp. 121-47 (1930).—The organization of an industrial technical library is discussed 

G.M.H 

Problem of the pre-fabricated house. G. A. Bore. Bull. Amer. Ceram. Soc., 11 
[11], 255-57 (1932). 

Ceramic ware development and promotion. Eprirorrat. Bull. Amer. Ceram. Soc., 
11 [11], 253-54 (1932). 

Inadequacy of ceramic product development and promotion. Eprroriat. Bull. 
Amer. Ceram. Soc., 11 [11], 251-53 (1932). 

Are mergers a benefit to the heavy clay products industry? I. Ravpn E. Kirk. 
Brick Clay Rec., 81 [4], 131-33 (1932).—K. presents a discussion of whether mergers 
can solve the problems of the industry and outlines the fundamental motives behind 
mergers. E.J.V. 

Ohio Ceramic Industries Association annual meeting. ANon. Clay-Worker, 98 [4], 
143-44 (1932).—A brief report of the program presented at the sessions held in October 
at Columbus, Ohio, is given. The papers read are briefly summarized. E.J.V. 

Glass Division summer meeting. ANoN. Nat. Glass Budget, 48 [24], 3 (1932) 
Bull. Amer. Ceram. Soc., 11 [11], 258-59 (1932); Glass Ind., 13 [11], 182-83 (1932). 

Work of Ceramics and Road Materials Division, Mines Branch. ANoNn. Can. 
Mining Jour., 51 [31], 790-92 (1930). G.M.H. 

General Assembly, June 1, 1932, of the Syndicate of French Ceramic Manufacturers. 
ANon. Céramique, 35 [532], 160-70 (1932).—A general account is given of the meet- 
ing, including the reports of the different officers and a description of the general state 
of the ceramic industry in France. A.E.R.W. 

Unfair foreign competition ruining domestic pottery industry. CHar_es L. SEBRING. 
Ceram. Ind., 19 [5], 244-46 (1932).—-A report presented by S. before the Commissioner 
of Customs, Washington, D. C., is-given. It shows that Japan with its low labor cost 
is the chief offender. Japanese imports for the first six months of 1932 caused a loss 
of $1,200,000 in wages to American labor. Cups and saucers are the chief ware in com- 
petition. A dozen cups and saucers costing the U. S. manufacturer 85 cents to produce 
are placed in New York by Japanese manufacturers for 40 cents per dozen. W.W 

Mine inspector and mine safety. D.G. Srincram. Can. Mining Met. Bull., No. 
216, pp. 514-24 (1930).—The greatest advance in accident prevention must lie in re- 
moving the underlying causes of accidents. The paper deals with (1) silicosis, (2) hoist- 
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ing equipment, (3) mine fire, rescue work, and first-aid training refuge stations, and 
(4) explosives. G.M.H. 
tory dure for determining the drying characteristics of clays. M. I. 

TZVILINEV. krainsky Silikaty, 4, pp. 149-50 (1927). S.1.P 

Thermotechnical investigation of winter kaolin driers at the rent ee plant. 
I. I. Moratcuevsky. Ukrainsky Silikaty, No. 1, pp. 2-7 (1929). 

Power and heat economy in the ceramic, glass, and porcelain uteetiien” ; ro. 
TY Angew. Chem., 45 [39], 621 (1932); for abstract see Ceram. Abs., 11 fill, 598 
1 L.T. B. 

Standardization of glass and ceramic (refractory) industries. S.I.PerKat. Ukrain- 


sky Silikaty, No. 7-8, pp. 310-15 (1928). S.I.P. 
ss in the ceramicindustry. I,II. S.I. Perxar. Ukrainsky Silikaty, No. 4-5, 
pp. 73-79; No. 6, pp. 96-100 (1929). S.L.P. 


Development of winning clays in Chassov-Yar. G.O. Gross. Ukrainsky Silikaty, 
No, 11-12, pp. 485-86 (1928); see also Ceram. Abs., 7 [7], 452 (1928); 9 [8], 675 (1930). 
Results of experiments on enriching kaolin in the plant at Turbovo. B.S. Lyssin, 
I. I. Moratcuevsky, AND A. E. VorrzikuHovsky. Ukrainsky Silikaty, No. 9, pp. 
376-78 (1928). S.LP. 
Research work of the Ukrainian Scientific Research Institute of the Silicate Industry 
for 1928-1932. S.I. Perxar. Ukrainsky Silikaty, No. 7-8, pp. 315-18 (1928). 
S.L.P. 
Scientific research work of the Ukrainian Institute of Silicate Industries. S. I. Per- 
KAL. Ukrainsky Silikaty, No. 2-3, pp. 34-39 (1929).—A description of the following 
departments of the Institute is given: (1) raw materials, (2) refractories and heavy 
clay products, (3) white ware, (4) glass, (5) cement, and (6) rationalization. S.I.P. 
Work of the scientific research institutes of U.S.S.R. S.I. Perxar. Ukrainsky 
Stlikaty, No. 11-12, pp. 296-305 (1930); No. 5, pp. 141-44 (1931). S.L.P. 
Technico-economical reconstruction of the industry of building materials of mineral 
origin in the Five Year Plan. P.E.Kivcmo. Ukrainsky Silikaty, No. 4-5, pp. 66-70 
(1929). S.L.P. 
Organization of scientific research and the equipment of the Institut fiir Gesteins- 
hiitten Kunde in Germany. M.G. CHERNYAKANDS. V.Roptn. Keram. i Steklo, 8 
3-8 (1932).—The importance of the Institute for the German ceramic industry is shown. 
The laboratory equipment with the instruments, apparatus, and high-temperature 
furnaces (up to 2000°C) is described. A brief account of the scientific research work 
done, mostly in the field of refractory materials (AlO; and MgO and combinations 


of both), is given. M.V.K. 
Ten years of Ukrainian ceramics. O. I. KRaMARENKO. Ukrainsky Silikaty, No 
10, pp. 365-70 (1927). S.1.P. 


Review of ceramic researches in U.S.S.R. and abroad for 1931. Anon. Keram.i 
Steklo, 8 {7}, 39-42 (1932).—The following important researches are reviewed: (1) 
kaolin and clays, (2) feldspar, (3) different raw materials, (4) methods of investigation, 
testing, and control of production, (5) working of masses, shaping, transportation, and 
packing, (6) drying and driers, (7) ceramic furnaces, (8) glazes, (9) decorating, and 
(10) separate productions. M.V.K. 


BOOKS 


Mineral Economics. F.G. Tryon Aanp E. C. Eckert, editors. McGraw-Hill Book 
Co., New York, 1932. 311 pp. $2.50. Jour. West. Soc. Eng., 37 (5), =, (1932) 
W.W.M. 
Mineral Industry during 1930. Vol. 39. G.A.RousnH. McGraw-Hill Book Co 
Abstracted in Metals & Alloys, 3 [10], 309 (1932).—-So far as is possible this volume 
covers the developments of the year in each individual field, including production and 
trade statistics, technical progress, extensions of plants, new sources and uses, market 
conditions and prices, and other items of interest both domestic and foreign, each sub- 
ject being placed in the hands of a specialist. E.P.R. 
Handbook for Prospectors. M. W. von BerNnewiTz. 359 pp. McGraw-Hill 
Book Co., New York, 1931. Price $3.00. Reviewed in Can. Mining Jour., 52 [17], 
438 (1931); for abstract see Ceram. Abs., 10 [12], 869 (1931). G.M M.H. 
Surveying Calculations. FREDERICK WINIBERG. 130 pp. Mining Publications, 
Ltd., London. Price 12s 6d. Reviewed in Can. Mining Met. Bull., No. 231, p. 798 
(1931). G.M.H. 
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Book Reviews 


Directory of Ceramists and Glass Men of France and of Industries Related to Them. 
(Annuaires des Ceramistes et Verriers de France et des industries s’y rattachant.) J. 
Hoore, Paris, 1932. 571 pp. The book contains (1) a list of French associations and 
syndicates dealing with ceramics and glass, (2) all French trade marks, (3) a list of books 
dealing with ceramics and glass, (4) a classification of natural and artificial chemical 
products related to ceramics with their English and German translations, and (5) ad- 
dresses of French manufacturers and wholesale and retail houses dealing with glass and 
ceramic industries. M. V. Konpory 

Ceramic Technology. Vol.I. General. P.P. Bupnrkorr. State Scientific Tech- 
nical Publication, Charkov, U.S.S.R., 1932. 336 pp. 206 illustrations. This volume 
contains detailed data of raw ceramic materials, their chemical-physical properties, 
location of deposits in U.S.S.R. and in other countries, mining methods, and methods 
of working. In the chapter on raw materials (clays and kaolins) B. describes the theory 
of action of fire on clays, fusion, and polymorphic metamorphosis. A chapter on modern 
investigation of clays describes the determination of hydrogen ion concentration and 
the application of Réntgen rays in ceramics. In a chapter on shortening substances, 
the characteristics of grog, quartz, aluminum, chromite, graphite, silicon carbide, etc., 
are described. A chapter on milling and pulverization gives the theoretical funda- 
mentals and describes in detail the machinery used in the U.S. and Germany. Another 
chapter describes methods of making bodies. Many references to English, French, 
and German literature are given. The author has tried to combine theory with prac- 
tical results and to give the latest achievements of science and technique in ceramics. 
This book is a valuable contribution to ceramic literature. A second volume is in 
preparation. A. A. ZAKHAROFF 


PATENTS 
Process of producing marble effects in ceramics. E. A. Stewart. U.S. 1,884,346, 


Oct. 25, 1932. 

Ceramics. H. L. Crowxey R. M. CrowLey (Henry L. Crowley & Co., Inc.). 
U. S. 1,885,234, Nov. 1, 1932. The method of producing a noncorrosive ceramic com- 
prises extruding under pressure a pulverized material and binder free from alkali and 
baking them, the material and binder being freed from alkali by heating below the 


fusion temperature. 
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CLASSIFIED ADVERTISING 


FOR SALE— Journal of the American Ceramic Society, Volumes 1 to 13, inclusive. Complete and in 
good condition. Make offer to Box 140-F, American Ceramic Society, 2525 N. High St., Columbus, 
0. 


A Rare Book—Widely Quoted—English Translation 
THE ART OF THE POTTER 


by Piccolpassi—originally published in 1548. 
Published by W. A. WELDON, 621 Edgewood St., Baltimore, Md. 


A NEW LEATHER ASBESTOS MITT 
Designed Specifically for Continuous Furnace Use 


The wearing surface of this new asbestos mitt is completely covered 
with tough flexible leather that will not crack or cause oil spots on 
ware from your continuous furnace. 


Write for full information today. 


FERRO ENAMEL CORPORATION 
Cleveland, Ohio 


Trouble 
Whatsoever 
with 
Our Air 
Classifying 
Equipment’ 


Writes a Feldspar Operator. Further he says: 


“In fact, it has given very satisfactory results, and since 
we are more familiar with the principle involved, we 
find it very economical, and certainly very positive in its 
function. It, no doubt, is of interest to you to know that 
we are grinding Feldspar 97-98% minus 325 mesh.” 


Hardinge Company. /nc.. York. Pa. 
122 E. 42nd Street 205 W. 


New York, N. Y. 
(When writing to advertisers, please mention the JOURNAL) 
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In this beautiful 


CHINESE 
ARCHITECTURAL 
ACHIEVEMENT 


OPA X 


WAS SELECTED TO DEFY THE 
ELEMENTS . . . ADD BEAUTY 


The Northwestern Terra Cotta Company was 
called upon to furnish the decorative element for 
this new Chicago landmark. Unusually intricate 
design and color was specified. NTC engineers 
knew the ornamental features would have to defy 


the elements for years . . . remain bright, durable, 
lustrous and beautiful. Only the finest opacifier 
THE MOY SHEE DONG obtainable would suffice. 
KUNG SAW BUILDING 
CHICAGO, ILL. All the ornamental features were 
Architects: Michaelsen and Rognsted, OPAX opacified 
Chicago, Ill, 


Opax (zirconium oxide) is always uniform... 
inert, irreducible, non-poisonous. Broadens the 
firing range . . . permits a higher muffle tempera- 
ture. Keeps colors uniform. Makes enamels and 
glazes ultra-white, tougher and glossier. Reduces 
seconds and resprays. 


OPAX / 


Ask for a TAM Engineer 


The Titanium Alloy Manufacturing Co. 
CERAMIC MATERIALS DIVISION 
Sales and General Offices 
NIAGARA FALLS, NEW YORK, U.S.A. 


Executive Offices: Cleveland Office: 
111 Broadway, New York City 1200 Keith Bidg., Cleveland, Ohio 
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EDITORIAL 
1933 NEW YEAR’S GREETINGS 


Our New Year’s Greetings for 1933 are offered with this publication. We are ap- 
pearing not only with the usual color change in cover but a new cover design has been 
selected. Thus to the members of the AMERICAN CEeRAmic Society and to our other 
friends, we extend cordial New Year's wishes. 

The past year, 1932, has not been an easy one for any of our members or for the 
employed staff of this Socrety. Each expenditure has been carefully planned that it 
might yield the richest benefits to the greatest part of the ceramic industry. But the 
year 1932 is done. Whatever of struggle and defeat has entered into the past year has 
strengthened us in spirit and we have grown wiser in the use of our energies and resources. 

We enter 1933, then, perhaps not so carefree and cocksure as we have entered into 
new years of the past, but with an increased directness of purpose and self-reliance. 

As a Society we shall strive to make the following contributions to the ceramic in- 
dustry for 1933: (1) That our coérdination and unity as a technical society may be felt 
among ourselves as something necessary to the existence of the ceramic industry and 
that, in the same degree, we may measure our strength and usefulness among similar 
technical organizations. (2) That our publications may be so carefully planned that 
every possible benefit may be derived from our technical papers as well as our monthly 
abstract survey of ceramic progress current throughout the world. (3) That our 
Annual Meeting in February, 1933 in Pittsburgh, Pennsylvania, may yield deep and 
lasting results for the profit of our members. 

There are many specific tasks to be accomplished, and they can be carried through 
only by service that is constant, painstaking, and cheerful. And so for 1933 we offer 
this service to the ceramic industry and to each of our members insofar as our abilities 
and resources will permit. 
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DRIERS AND DRYING IN REFRACTORIES INDUSTRY* 


By J. T. Rowson 


ABSTRACT 
A brief description of the type, construction, and operation of thirty-three driers 
at twenty-two refractory plants is given, together with remarks as to control of drying 
conditions and drying tests. 


I. Introduction 


To obtain accurate information regarding the different types of driers 
and drying procedures used in drying refractories, the following question- 
naire was sent to refractories manufacturers. 


Questionnaire 
Name of plant. 
Type of drier. 
Type of ware dried. 
Description of drier. 
Average moisture content of ware before drying. 
Average a content of ware after drying. 
Time required for drying. 
Capacity per 24 hours. 
Temperature and humidity entrance ont. 
10. Temperature exit end. 
11. Source of heat. 
12. Automatic control or hand control. 
13. Control test. 


A total of twenty-two plants reported on thirty-three driers, which can 
be classified as follows: 

(1) Eight driers of the hot-floor type. 

(2) Nineteen progressive, waste-heat, or combination waste-heat and 

steam-heat tunnel type. 

(3) One steam-heated progressive tunnel type. 

(4) One steam-heated progressive chamber type 

(5) One reversible circulating waste-heat tunnel type. 

(6) Three periodic humidity type. 


The reported questionnaires are appended. The following discussion is 
based on these reports. 


Il. Discussion 


1) Hot Floor Of the eight hot floor driers reported, three are heated 
( ” by radiation from steam pipes or steam-heated ducts. 
Three are heated by radiation from steam pipes augmented by hot air 
blown down toward the floor from the ceiling. One is heated by radiation 
from hot-air ducts sometimes augmented by the exhaust air discharging 
directly from the ducts into the room and the other is heated by radiation 
from hot-air ducts only. 

No control of humidity is attempted in any case cited except on large 


* Presented at the Annual Meeting, AmerrcaN Ceramic Washington, 
D. C., February, 1932 (Refractories Division). 
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pieces where sometimes the ware is covered with paper or burlap to in- 
crease the humidity. 

The temperature is hand controlled in all cases. It varies from a mini- 
mum of 120°F to a maximum of 150°F. 

In no case is any control test run to ascertain the final degree of drying 
of the ware. 

The time of drying varies from two days to three weeks, depending upon 
the size and shape of the piece. 

In only two cases the floor area together with the number of 9-inch 
equivalents per 24 hours was given. Of these two, the floor heated by 
radiation from hot air alone had a ratio of 2.25 square feet of floor area for 
each 9-inch equivalent dried per 24 hours. The other installation heated 
by radiation from steam had a ratio of 2.08 square feet floor area per 9-inch 


equivalent dried per 24 hours. 
(2) Progressive Waste-Heat Ther: area total of 22 driers listed under 
or Combination Waste- and b 
end y waste heat alone, one by a combina- 
Chamber Type tion of radiated heat from steam pipes 
augmented by waste heat blowing into 
the tunnels, two by radiation from steam coils alone, and nine by fans 
blowing air through steam coils. 

Six of these driers have the humidity controlled by the direct addition of 
water or steam automatically to the inlet air. Most of these, however, 
rely on recirculation for humidity control. Ten have facilities for the 
addition of water or steam by hand. Nine of these also rely mainly on 
recirculation for humidity. Three have facilities for controlling the 
humidity by recirculation alone, and the other three have no facilities for 
controlling the humidity. 

The humidity at the charging end of the driers varies from 35 to 65% 
with little attention paid to humidity in the silica-brick or chrome and 
magnesite driers. The silica-brick driers average 35% relative humidity; 
the magnesite and chrome 50%; the dry-press driers average 55 to 60%; 
and the stiff-mud and hand-mold 60 to 63% relative humidity. 


Note: The humidity of the dry-press driers is usually kept low, below 85%, in 
order to avoid the slightest condensation, which not only checks but also crazes the 
surface of a dry-press brick. This is not so vital with stiff- or soft-mud brick although 
in all cases reported the humidity is lower than 85% because rapid drying is desired 
and is possible with the small shapes and types dried in this type of drier. 


The temperature at the charging end for silica brick averages 130°F and 
170°F at the discharge end. The temperatures for chrome and magnesite 
average 100°F at the charging end and 140°F at the discharge end. For 
dry press the charging end averages 110° and the discharge end 240°F. The 
stiff-mud and hand-mold driers average about 100°F at the charging end 
and 150°F at the discharge end. Much of the variation in heat reported 
for these driers is due to the limitations of heat available. 

In nine installations the temperature is controlled automatically and the 
other thirteen are controlled by hand. 

Taking into consideration capacity, setting variations, etc., the waste- 
heat tunnels and steam-heat with fan circulation tunnels average 24 hours 
drying time for silica brick, magnesite and chrome, and dry-press. For 
complete drying of stiff-mud and hand-mold brick and small shapes, about 
30 to 36 hours drying time are required although in one case a total time of 
12 hours was reported for drying soft- and stiff-mud nine-inch equivalents. 
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For drying the same material in driers with but little circulation, the time 
varies from 48 to 72 hours. A rigid comparison of the relative drying 
capacities of the driers can hardly be made because of the various factors 
involved, such as size of drier, number of brick per car, method of manu- 
facture, heat available, and (chiefly) the drying treatment the refractory 
will withstand and other factors. 

On the large tunnel-kiln car driers, an average of 30,000 dry-press 9-inch 
equivalents are dried per 24 hours. 

The dry-press drier using ordinary size drier cars averages 2600 dry brick 
per track per 24 hours. 

The drier using standard drier cars in steam-press or stiff-mud manu- 
facture averages 3500 dry brick per track per 24 hours. 

The radiated steam-type drier averages 830 dry brick per track per 24 
hours on wood mold tile whereas the waste-heat driers or steam driers using 
air circulation dry more than twice this number of 9-inch equivalents 
at a minimum. 

In all but one installation the brick coming from the drier are regularly 
checked for moisture by weighing. 

sas -4:, Three driers reported were operated periodically. 
) Periodic Humidity These driers were used for stiff- and soft-mud 
processes. One drier was heated by coke, one 
by steam, and the other by waste heat. Two have the temperature and 
humidity automatically controlled by addition of water or recirculation 
and the other is hand controlled by recirculation. The humidity runs 
from 85 to 90% at the start of drying. The temperature runs from room 
temperature at the start to as high as 300°F at the finish. The total drying 
time on the automatically controlled driers for 9-inch equivalents is about 
18 to 20 hours; pieces up to 40 pounds require 22 hours and pieces up to 
275 pounds require only 30 hours total drying time. The total drying 
time for the hand-operated waste-heat drier is 48 hours for 9-inch equiva- 
lents. 

In one of these installations the ware is checked for degree of drying by 

weight before and after drying. 


Ill. Summary 


Definite comparisons between the different driers can not be made for 
reasons already cited. 
The hot-floor driers are controlled. for tempera- 
(1) Hot-Floor Type ture by hand regulation. The relative humidity 
adjusts itself from the control of the temperature. 
. In the 22 progressive type driers, all but three 
(2) Progressive Type are regulated for humidity control either in 
whole or partially by recirculation of the moist air after passing over the 
ware. One drier obtains humidity by the air being in direct contact with 
water, no recirculation being used. In no case is the relative humidity 
above 65%. The temperature is carefully controlled at the discharge end 
which, in this type of drier, gives a fairly well controlled heat cycle through- 
out the drying period. 
_ In the periodic driers, all three are regulated 
(3) Periodic Type for humidity control both by recirculation and 
direct addition of water to the inlet air. In this type of drier the relative 


ROBSON 5 


humidity is carried from 85 to 92% at the start of the drying operation. 
The temperature is automatically raised according to a definite cycle and 
large pieces are dried successfully in relatively short time. 


1 

2. 
3. 
4. 


Harrop Ceramic Service Company 
CotumsBus, Onto 


APPENDIX’ 


I. Hot-Floor Type 


A. P. Green Fire Brick Co., West Plant, Mexico, Mo.? 

Hot floor. 

Wood-mold tile. 

The hot floor is built over the tunnel driers and chamber driers and is heated by 
means of steam coils placed under the floor plus the radiated heat from the driers 
below. The floor is constructed of wood flooring laid solid, provided with '/,-inch 
diameter holes on 3-inch centers to allow air circulation. Live steam is used for 
heating the floor at night and exhaust steam in the day time. 

20%. 

1 to 5%. 

Varies from 3 days to 3 weeks depending upon size and shape of ware and outside 
weather conditions. 

7000 nine-inch equivalents per 24 hours. 


9-10. Humidity varies (no control); temperature 80 to 100°F. 


11. 


12. 
13. 


PN 


Steam heat and radiated heat from other driers. 

Hand control on steam-pipe valves; thermometers hung up over the floor at 
intervals are read frequently. 

No control test. 


Mexico Refractories Co., Mexico, Mo.* 

Hot-floor drier. 

Hand-mold tile and shapes. 

The roof of the progressive combination steam- and waste-heat drier serves as the 
floor for this drier. A hot-air line above the floor is fed by waste heat from 
the tunnel kiln. This has outlets along the floor length, used only in very cold 
weather to prevent condensation on the roof above. 

13 to 14%. 

2 to 21/;%. 

3 days to 2 weeks. 

1500 to 2000 nine-inch equivalents per 24 hours. 


9-10. About 90°F. 


Waste heat from drier below and from tunnel kiln when necessary. 
Hand control of waste heat from tunnel kiln. 
No control tests. 


Salina Plant, General Refractories Co., Salina, Pa.‘ 

Hot floor. 

Hand-molded shapes. 

This drier is a concrete slab floor 250 feet long by 50 feet wide. Under this floor 
there is another floor, leaving a space of 8 inches between floors for admission of 
steam. The floor is divided into approximately 16-foot sections, steam being 
admitted under each section. Live steam is used at all times. It has been found 


1 The Arabic numbers correspond to the numbers in the questionnaire, see p. 2 


?R. S. Bradley, Ceramic Engineer. 
?C. A. Smith, Chief Engineer. 
‘ B. E. Whitesell, Ceramic Engineer. 


11. 
12. 
13. 
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that steam: gives approximately 50° hotter floor than hot air of the same 
tem ture. 
15%. 
Less than 2%. 
Three days to three weeks, depending on size and shape. 
8. 6000 nine-inch equivaients. 
9-10. Humidity varies (no control); temperature 150 to 160°F 
11. Steam heat. 
12. Hand control on steam-line valves. 
13. No control tests. 


North American Refractories Co., Hayward, Ky.* 
Hot floor. 
Wood-mold tile. 
Drier consists of two floors. The first floor is a 4-inch concrete floor. Every 
4 feet there is a 2-inch pipe with '/-inch holes throughout its length. Steam at 
3 pounds pressure is fed to these pipes. The second floor is wood and is heated 
—_— from the floor below and hot air from above. 
15%. 
1 to 2%. 
Time varies with size of piece, 3 days to 1 week. 
9-10. Lower floor surface temperature maintained constant at 120°F. 
11. Live steam at 3 pounds pressure and exhaust steam from press; also hot air. 
12. Hand control by valves on the steam line and also gate air-inlet pipes. 
13. No control tests. 


North American Refractories Co., Ashland, Ky.* 

Hot-floor drier. 

Wood-mold tile and 9-inch series of stiff-mud and plunger press. 

Drier consists of two floors. The first floor is a 4-inch concrete floor. Every 
4 feet there is a 2-inch pipe with '/;.-inch holes throughout its length. Steam at 
3 pounds pressure is fed to these pipes. The second floor is made of 4-inch thick 
reinforced concrete and is heated by radiation from the floor below and hot air 
passing through steam coils and blown down from the ceiling of the room. 


5. 15%. 

6. 1 to 2%. 

7. Time varies with size of piece, 3 days to 1 week. 

9-10. Lower floor surface temperature maintained constant at 120° F. 

11. Live steam and exhaust steam from press. Also hot air. 

12. Hand control by valves on the steam line and also gate air-inlet pipes. Com- 
plicated or hard drying shapes are placed on perforated wood pallets and covered 
with burlap or paper. 

13. No control tests. 


The Robinson Clay Product Co., Factory No. 5, Dover, Ohio.* 
Hot floor. 


Wood-mold tile. 
The floor is divided into 28 full sections and 8 half sections. Each full section is 


14 by 50 feet. The floor proper is made of 2'/;-inch concrete with steel-mesh 
reinforcement. Each section is heated by six banks of 1'/,-inch pipe, seven pipes 
to the bank laid in ducts under the floor. 

15 to 19%. 


5 

6. 3%. 

7. Two days to three weeks depending on size and shape oi piece. 

9-10. Temperature varies from atmospheric to 110°F; no humidity except for large 
pieces which are covered. 


5 C. A. Hoffman, Service Engineer. 
*G. A. Johnson, Ceramic Engineer. 
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Steam from e exhaust of shop engine and also exhaust of the engines driving the 
fans on the tunnel driers. 

The steam system is equipped with traps and condensate pump for return of 
condensate to boilers, There is a pressure regulator for feeding live steam 
when required and a relief valve on the system to prevent excessive back pressure 


Pacific Clay Products Co., Los Angeles, Calif.’ 
Hot floor. 
Stiff-mud brick and wood-mold shapes. 


below this temperature. On a cooling kiln below 1000°F, does not give sufficient 
heat for the air to this fan. 
om mud 15%; wood mold 17%. 


Nine-inch equivalents require two weeks. 
Exhaust gases from kilns under fire and waste heat from cooling kilns. 


Hand control in regulating amount of hot air at fan. 
No control tests. 


Stockton Fire Brick Co., Stockton, Calif.* 

Hot floor. 

Wood-mold tile. 

This drier consists of a 3-inch concrete floor with 3-inch galvanized iron pipe 

underneath on 6-inch centers all the way . 

are fed by a blower which draws the waste gases from the kiln. The 

located at the middle side of ir i the 

the manifold which feeds the galvanized 3-inch pipes. These galvanized pipes 

discharge into a manifold or header at the other side of the floor and the exhaust 
gases flow to the outside at the end of the manifold or back into the drier room. 

18 

About 3 to 4%; then passed through waste-heat drier. 

Large shapes (burner blocks, large flat tile, etc.) 8 to 10 days; small shapes (general 

run ¥ > tile not exceeding 40 pounds in weight and not intricate shapes) 

4 to ys. 


9-10. Gases entering hot floor 145°F; exhaust from hot floor into room 104°F; 


11, 
12. 


13. 
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20% relative humidity; temperature of hot floor in center of room 120°F. 
Waste heat from kiln. 
Temperatures of gases entering hot floor, exhaust from hot floor, and center of hot 


the temperature of the gases blown imto the hollow flue system in the floor. No 
control of humidity is maintained. 
Control tests not run on ware since it is run through waste-heat drier before enter- 
ing kiln. 

Il. Progressive Waste-Heat Tunnel Type 
The Robinson Clay Product Co., Factory No. 5, Dover, Ohio.* 
Progressive waste-heat tunnel type. 


Dry-press straights, shapes, and tile 
The drier consists of 16 tunnels, 2 tracks per tunnel. Each track holds 13 standard- 


7 F, A. McCann, Supt. Plant No. 4. 


® Vernon R. Sullivan. 


— 
13. No control tests. 
1. 
2. 
3. 
4. A concrete floor 90 by 150 feet with conduit flues underneath is heated by exhaust 
gases drawn by a fan from the firing and cooling kilns. The firing kiln is put on 
the hot-floor fan when the kiln reaches 1200 °F and is held on until it cools to 
5. 
6. 
7. ‘ 
8. 
9-1 
11. 
12. 
13. 
1. 
2. 
3. 
4. 
| 
| 
art ecorded mand Gamipers Control th gases aving to no 
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size rack and flat-type drier cars which hold 400 brick, making a total of 416 cars 

in the drier or a capacity of 166,400 standard 9-inch brick. Waste heat from the 

kilns is introduced by a main flue running underground across the discharge end 

of the drier and through two openings, 25 inches long by 17 inches wide, in the 

floor directly under the third and last cars on each track. The outlets are similar 

floor openings at the charging end which run into a cross duct which leads to the 

exhaust fans. There are two inlet fans pulling waste heat from the kilns which 

operate in parallel or can be run separately. They are steam powered. The 
fans are the same as the waste-heat fans. They are, however, located 

at each side of the charging end of the drier, whereas the waste-heat input fans 

are at the center of the discharge end. One of the tunnels is equipped with steam 

coils and circulation is obtained by opening the doors slightly at the discharge 

end. This tunnel gives better drying conditions for large dry-press shapes. 

Dry press 8.5 to 9.0%. 

3.0 to 4.0%. 

48 hours. 

83,200 nine-inch equivalents. 

118°F; humidity unknown but low. 

120°F. 

Waste heat from kilns. 

The fans are equipped with automatic counter draft to maintain constant tem- 

perature. Both inlet and outlet openings in the tunnels are hand-controlled by 

regulating the door dampers. There is no humidity control. 

No control tests arerun. The firemen regulate the watersmoking period according 

to the visual moisture in the brick. 


North American Refractories Co., Ashland, Ky.* 

Waste-heat progressive tunnel. 

Steam press 9-inch equivalents up to 18 by 6 by 3 inches. 

The drier consists of 16 tunnels, eight of which are 3 feet 6 inches wide by 4 feet 
3 inches high from top of rail to roof, and the other eight tunnels are the same 
width, 3 feet 6 inches, but 4 feet 9 inches high. The tunnels are 100 feet long. 
Each tunnel holds 14 double-deck cars having a capacity of 500 nine-inch equiva- 
lents per car, making 112,000 nine-inch equivalents in the drier when completely 
filled. The waste heat from the kilns is delivered by a fan into the tunnels through 
five spaced openings in the floor of each tunnel. The exhaust gases pass out 
through a single adjustable opening in the floor at the charging end of each tunnel 
to a brick stack. 


+56,000 nine-inch equivalents. 

110°F; 65%. 

150 to 160°F. 

Waste heat from 14 periodic kilns, 

The humidity in the charging end is hand controlled by the use either of a steam 
or water jet located in the duct ahead of thefan. A recording psychrometer keeps 
a record of the humidity at the charging end of one tunnel. On some of the large 
shapes building paper is used to cover the brick on the top deck to prevent too 
rapid drying. These cars are drawn from each tunnel at the discharge end and 
then three are introduced into the charging end. A miniature tunnel board is 
maintained at the discharge end showing the exact location of every car in the 
tunnel. Each card contains the following information: car number, tunnel 
number, size and kind of brick, date discharged. Every kind and size of shape 
has a different colored card so that the foreman in charge of the setting may have 
a clear idea of what is coming through the tunnels for the proper planning and 
setting of brick in the kilns. 

‘The brick are weighed and measured carefully and accurately before the press 
after the press, after the drier, and after the firing. 


A. P. Green Fire Brick Co., Tunnel Kiln Plant, Mexico, Mo.? 
Carrier progressive waste-heat tunnel type. 


S 

1. 

2. 

3. 

4. 

5. 9.5%. 

6. 1 to 14%. 

7. 48 to 60 hours. 

8. 

9. 

10. 

11. 

12. 
13. 

2. 
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3. Wood-mold tile. Primarily a conditioning drier to prepare material for final 
drying on tunnel kiln cars. 

4. The drier has four monorail tracks which hold sixteen pallet cars each, making a 
total of 64 cars. The drying process is divided into three stages, numbering from 
the charging end. A fan is located over each stage of the drier. The fan acts as 
an intake and exhaust for air into each stage. The air is circulated in direct : 
contact with the ware and humidity is obtained primarily by recirculation. The : 
movement of the air through the drier is horizontal from the center to each side 
and is introduced toward the lower part of the drier and discharged at the top. 
+20 


5. 

6. 

7. Shapes up to one 9-inch equivalent require 20 hours average; shapes up to two 
9-inch equivalents require 24 hours average; large shapes, 24 to 48 hours. 

8. 10,000 to 30,000 nine-inch equivalents per 24 hours. 

9. 100°F; 65% relative humidity. 

10. 140°F. 

11. Waste heat from tunnel kilns. 

12. The drier is equipped with automatic temperature and humidity control on the 
first two stages and temperature only on the last stage where humidity is un- 
necessary. Separate drying schedules for different size pieces are obtained by 
regulating the speed of the cars on any one of the tracks at any desired rate. 

13. The laboratory checks, as regular routine, the moisture content on tile leaving the 

drier. 


A. P. Green Fire Brick Co., Tunnel Kiln Plant, Mexico, Mo.* 
Proctor and Schwartz progressive waste-heat tunnel type. 
Stiff-mud brick and wood-mold tile. Primarily a conditioning drier to prepare 
material for final drying on tunnel kiln cars. 

The drier has six monorail tracks which hold 16 pallet cars each, making a total 
of 96 cars. These cars are interchangeable between the drier and the Carrier 
drier. The drying process is divided into 3 stages each. Hot air from the tunnel 
kilns is circulated through cast-iron pipes in the base of the drier and the radiated 
heat from these pipes is circulated by means of fans. The movement of air in 
the drier is horizontal from one side of the drier to the other. 

Humidity is obtained both by addition of water and by recirculation. The 
exhaust is on the roof about five car lengths from the discharge end and consists 
of two pipes about 24 inches in diameter equipped with suction fans, 

5. Stiff-mud brick +15%; wood-mold tile +20%. 

6. Stiff-mud brick 3 to 4%; wood-mold tile +5%. 

7. Not operating long enough to establish a standard schedule. 

8. 10,000 to 30,000 nine-inch equivalents per 24 hours. 

9. 92°F; 60% relative humidity. 

10. 150°F, 

11. Waste heat from tunnel kilns. 

12. Automatic temperature and humidity control throughout all three stages. 
13. The laboratory checks, as regular routine, the moisture content on tile leaving the 

drier. 


Harbison-Walker Refractories Co., Plant C, Pittsburgh, Pa.® 
Proctor & Schwartz progressive waste-heat tunnel type. 
Stiff-mud and dry-press. 

This is a large tunnel kiln car type drier. See 4,* above. 
7.0%. 

0.5%. 

24 hours. 

60,000 and 30,000 nine-inch equivalents per 24 hours. 


* This description also applies to Proctor and Schwartz drier at Harbison-Walker 
Plant C. 
*R. O. Keiser, Proctor & Schwartz, Inc., Philadelphia, Pa. 


| 
| 
| 
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160°F; 15%. 
300°F. 


Continuous kiln, waste heat. 
Hand control for temperature and humidity if desired. 


1. A. P. Green Fire Brick Co., Mexico, Mo.? 
2. Harrop progressive waste-heat tunnel type. 
3. -press ware; also final drying of wood-mold and stiff-mud brick. 
4.t i 154 feet long holding 24 tunnel kiln cars. The waste heat from the 
fan No. 1 which blows the air down through ports located 
side so that Ss circulatory movement of air takes place throughout 
xha located in the top middle. This movement takes 
tunnel length when No. 2 fan takes the exhaust air from 


34,000 nine-inch equivalents per 24 hours. 
100 - 110°F; 60% relative humidity. 
240 


Waste heat from tunnel kilns. 

Humidity is obtained by recirculation. The temperature of the inlet air is auto- 
matically controlled, which naturally controls the temperature at the charging 
end of the drier. Wet- and dry-bulb thermometers, spaced every two car lengths, 
give the tunnel condition throughout. 

The laboratory checks, as regular routine, the moisture content of ware leaving 


the drier. 


Stockton Fire Brick Co., Pittsburg, Calif.* 

Harrop progressive tunnel type. 

Dry-press, stiff-mud shapes on top of dry-press setting and final drying of stiff-mud 
shapes 

See it above. 


9%. 

Less than 0.75%. 

36 hours. 

25,000 to 30,000 nine-inch equivalents. 

110°F; 54% relative humidity. 

190°F. 

Waste heat from tunnel kilns. 

Humidity is obtained by recirculation. Temperature is controlled by hand 
control of blast gates on inlet and recirculation. Temperature at discharge end 
recorded automatically. 

Regular control tests unnecessary, but brick are checked for weight several times 
per day from press and every few days these are checked for moisture content after 


leaving drier. 


—— 
whe 


Mexico Refractories Co., Mexico, Mo.* 

Harrop progressive waste- heat tunnel type. 

Dry-press brick and shapes and final drying of soft-mud and stiff-mud brick and 
shapes. 

See 4,¢ above. 

Dry 7'/_ to 8'/:%; final drying soft and stiff mud 2 to 2'/2%. 

0 


+ This description applies to Harrop type driers followi 
tt For details of this circulation see Jour. Amer. Ceram. Soe, 14 [10], 712-13 (1931). 


10 
| 
10. 
11. 
12. 
fan No. 1. Then fan No. 3 picks up the exhaust air from section No. 2 and re- 
circulates it in the charging end of the drier in the same direction as fan No. 1.tt 
5. Dry press, 9%; partially dried wood-mold tile and stiff-mud brick, 5%. 
6. Less than 
7. 28 to 36 hours. 
8. 
10. 
11. 
12. 
13. 
° 
1. 
2. 
4. 
5. 
6. 
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48 hours. 
26,000 nine-inch equivalents per 24 hours. 
55% relative humidity. 


Waste heat from tunnel kiln. 

Humidity is obtained by recirculation. Temperature of inlet air through three 
fans controlled by hand-operated blast gates. Wet- and dry-bulb thermometers 
spaced every two car lengths give the tunnel condition throughout. A typical 
temperature and humidity gradient on the inlet air is as follows: 


Temperature (°F) Humidity (%) 


100 
130 
184 


No real heavy tile. 
by 33 feet wide with brick side 


: i as a hot floor is supported on steel 

is made of fir two by fours which are surfaced on four sides and are 

s inch and '/, inch apart. track has three banks of steam 
which are placed on top of ties i 


ot-air line running the width of the drier 

is located at the top of the drier about 

has eight 45° downward inclined spouts which blow 
One fan is used to draw the air from the kiln and dis- 
purpose 


Stuff-mud 11 to 12%; hand-mold tile 13 to 14%. 

2 to S/% (not dried further to allow proper handling for setting on kiln cars). 
ours. 

4500 nine-inch equivalents stiff mud; 2500 nine-inch equivalents hand mold. 

90°F; relative humidity, 60%. 


heat controlled by blast gate and counter-draft at fan. 
The cars go into the first section or 6 car lengths where they remain for 24 hours; 
then move into the second section where they remain another 24 hours; and 
spend the third day in the last section. 
Moisture determinations made as laboratory routine. 


Salina Plant, General Refractories Co., Salina, Pa.‘ 
Harrop progressive waste-heat tunnel type. 

. Dry-press ware and final drying of hand-mold shapes. 

. The drier is a twin-tunnel type, 135 feet long, holding 22 kiln cars per tunnel. 
Waste heat from the tunnel kilns is drawn by a single fan which charges air down through 
an opening at the discharge end of each tunnel. This air travels longitudinally 
through half the tunnel where it is picked up by another fan which blows the air down 


11 
8. 
9. 
10. 
11. 
i 
Car lengths 
1 50 
| 28 
15 
26 224 
13. The laboratory checks, as regular routine, the moisture content of ware leaving the 
drier. 
1. Mexico Refractories Co., Mexico, Mo.* 
2. Progressive combination steam-heat waste-heat drier. 
3. Stiff-mud brick and special tile. Chiefly small boiler tube tile, cupola blocks, 
kiln liners, and suspended arch tile. 
4. This consists of a nine-track drier 13 
walls and s 
beams and 
spaced betv 
pipe 6 car 
first bank of pipes runuilg one-tlird tie Of © Car CONSISLS 
two l-inch pipes; the second and third banks consist of six l-inch pipes each. In 
addition to the steam lin : 
at the discharge end. : 
car top setting height. : 
air between each track. ; 
charge it through these 
of this air is to create circulation and give the ware a final boost to finish it off. i 
The vapor and the air from the drier pass up through the floor between the cracks 4 
in the floor and at the entrance end pass up through a wider vent into the molding i 
5. 
6. 
7. 
8. 
9. 
10. 115°F; relative humidity, 15%. 
11. Majority steam heat, rest is waste heat. 
12. Hand control by valves on each bank of pipes. All banks trapped. Waste 
13. 
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through top-side ports distributed along the remaining half of the tunnel. A circulatory 
sa a of air thus takes place through the setting in the charging half of the tunnel. 
6. 1% or less. 
7. 24 hours. 
8. 60,000 nine-inch equivalents. 
9. 100°F; humidity varies with schedule. 
10. 275°F. 
11. Waste heat from tunnel kilns. 
12. Inlet-air temperature controlled by hand. 
13. Water content is checked daily by weighing before and after drying. 


III. Steam-Heated Progressive Tunnel Type 


1. A. P. Green Fire Brick Co., West Plant, Mexico, Mo.? 

2. Steam-heated progressive tunnel type. 

3. Stiff-mud brick and wood-mold tile. 

4. There are five tunnels, two having three tracks each and three having two tracks 
each. Each track holds 17 standard drier cars, making a total of 204 cars. Steam 
pipes are placed below the tracks, and air, which enters at the discharge end below 
the steam pipes, circulates up through the pipes and is heated as it passes up into 
the drier. The steam pipes are placed throughout the drier, increasing in number 
toward the discharge end. Each tunnel is connected to a common stack, the 
draft of which draws the outside air up through the coils into the drier. These 
outlets are controlled by dampers. 

5. Stiff-mud brick +15%; wood-mold tile +20%. 

6. 1 to 4% on both. F 

7. Two to three days. 

8. 20,000 nine-inch equivalents per 24 hours. 

9. 90 to 120°F; relative humidity 60%. 

10. 150°F. 

11. Live steam at night; exhaust steam from a Corliss steam engine during the day- 
time. 

12. Movement of air through drier and, consequently, humidity are controlled by ad- 
justment of the inlet air door and the exhaust stack damper. Temperature is 
controlled by steam-line valves, equipped with temperature-recording thermome- 
ters. 

13. Moisture tests are made on the brick and tile leaving the drier as a routine plant 


control. 


i. M. D. Valentine & Bro. Co., Woodbridge, N. J.’ 
2. Proctor & Schwartz steam-heated progressive tunnel type. 


3. Soft-mud and stiff-mud. 
4.** In general this type of drier consists of a structural-steel framework and a 


housing made up of insulated removable panels. These panels consist of two sheets of 
metal enclosing a number of layers of corrugated sheet asbestos. The exact type of 
panel and thickness varies with each installation, depending upon the maximum tem- 
perature to be employed and the humidity to be used. The driers vary from two to four 
cars in width, the circulating fans and steam coils being located on each side of the car 
tunnel space. The driers are divided into compartments so that each compartment has 
its own circulation of air and heating coils independent of the other compartments. 
Cars move from the feed end to the delivery end by means of an automatic pushing de- 
vice or in some cases the machines are set on a slight grade. The driers are usually 
operated in a progressive manner, i.¢., cars at the delivery end of the machine are re- 
moved and a similar number of cars put into the feed end of the drier at regular intervals 
of time. Air circulation in general is from the delivery end of the drier to the feed end 
where the exhaust is located. Recirculation is provided by means of the circulating fans 
located in the side coil spaces. 
5. 13.1%. 


** This description applies in general to all Proctor & Schwartz driers following. 


10. 


bo 


m 


2. 
3. 
4. 
5. 
6. 


1.5%. 
12 hours. 

24,000 nine-inch equivalents per 24 hours. 
100°F; 50%. 

120°F. 

Exhaust steam. 

Automatic control of temperature and humidity. 


Kier Fire Brick Co., Salina, Pa.® 

Proctor & Schwartz steam-heated progressive tunnel type. 
Soft-mud. 

See 4,** p. 12. 

13.0%. 

0.5%. 

24 hours. 

26,400 nine-inch equivalents per 24 hours. 

100°F; 50%. 

190°F. 

Exhaust steam. 

Automatic control for temperature and humidity. 


Harbison-Walker Refractories Co., Plant B, Pittsburgh, Pa 
Proctor & Schwartz steam-heated progressive tunnel type. 
Magnesite and chrome. 

See 4,°* p. 12 

8.5%. 

0.5%. 

24 hours. 

45,000 nine-inch equivalents per 24 hours 

100°F; 50%. 

140°F. 

Exhaust steam. 

Automatic temperature and humidity control. 


General Refractories Co., Baltimore, Md.° 
Proctor & Schwartz steam-heated progressive tunnel type. 
Magnesite and chrome. 


36 hours. 

11,100 nine-inch equivalents per 24 hours. 
100°F; 50%. 

140°F. 

Exhaust steam 

Automatic temperature and humidity control. 


Harbison-Walker Refractories Co., Plant A, Pittsburgh, Pa.° 
Steam-heated progressive tunnel type. 

Silica brick. 

See 4,** p. 12. 

9.3%. 
0.5%. 

24 hours. 
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7. 
8. 
9. 
10. 
11. 
12. 
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| 
See 4,** p. 12. 
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. 0.5%. | 
9. 
10. 
11. | 
12. 
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100,000 ne equivalents per 24 hours. 


Hand control of temperature and humidity. 


Federal Refractories Co., Alexandria, Pa.® 
Steam-heated progressive tunnel type. 


80,000 nine-inch equivalents per 24 hours. 
130°F; 35%. 

170°F. 

Exhaust steam. 

Hand controlled. 


— 
Noe 


Electro Refractories Co., Buffalo, N. Y.* 
Steam-heated progressive tunnel type. 


906 nine-inch equivalents per 24 hours. 
120°F; 40%. 

165°F. 

Exhaust steam. 

Hand control of temperature and humidity. 


2. 
3. 
4. 
5. 
6. 
Fi 
8. 
9. 


Consett Iron Co., Consett, England.® 
Steam-heated progressive tunnel type. 


72,000 nine-inch equivalents per 24 hours. 
130°F; 35%. 

170°F. 

Exhaust steam. 

Hand control of temperature and humidity. 


Newbold Silica Brick Co., Australia.® 
Steam-heated progressive ‘tunnel type. 


nine-inch equivalents per 24 hours. 
130° F; 35%. 
170°F. 
Exhaust steam. 
Hand control of temperature and humidity. 


Noe 


14 
9. 

10. 170°F. 
12, 
12. 
See 4,°* p. 12. 
0.5%. 
24 hours. 
Silica. 
See 4,** p. 12. 
16.7%. 
0.5%. 
24 hours. : 
10. 
12 
12. 
2. 
3. Silica. 
4. See 4,** p. 12. 
5. 12.0%. 
6. 0.5%. 
7. 24 hours. 
8. 
9. 
10. 
11. 
12. 
See 4,** p. 12. 
0.5%. 
. 24 hours. 


to 
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IV. Steam-Heated Progressive Chamber Type 


A. P, Green Fire Brick Co., West Plant, Mexico, Mo.* 
chamber type. 


The drier has twelve tracks which hold fifteen rack cars each, 

180 cars. Steam pipes are placed between tracks, not under the 

at the discharge end near the floor level and leaves through a 

lto4 

Two to three days depending upon size and shape of tile and mix. 

10,000 nine-inch equivalents per 24 hours. 

oe 2 120°F; relative humidity 60%. 

150°F. 

Live steam at night and exhaust steam from a Corliss steam engine is used during 
the daytime. 

Movement of air through the drier and, consequently, humidity are controlled by 
adjustment of the inlet air door and the exhaust stack damper. Temperature is 
controlled by steam line valves, equipped with temperature-recording thermome- 
ters. 

Moisture tests are made on the tile leaving the drier as a routine plant control. 


V. Reversible Circulating Waste-Heat Tunnel Type 
Stockton Fire Brick Co., Pittsburg. 


in that the hot air introduced 
into the drier is drawn by suction of the fan at the charging end of the 


drier, rather than being blown into the tunnel under positive pressure. 
drier is 100 feet long by 8 inches overall in width, holding 14 standard drier 
cars. Vertical bafiles two lengths apart are staggered along the opposite sides 
of the tunnel so that opposite side baffles are one ; 
produce a definite cross-circulation of ai i 
the floor of the drier two 4'/;-inch es or car-deck height run the 
length of the tunnel. ort-circuiting of the air under 
i side of the drier between the 
cars, is such that the passage- 
ximately the same as the free space 
on the drier car. The air and evaporated 
the fan. About 4000 cu, ft. per minute of hot waste gases from the tunnel kiln 
are drawn through this drier. 


19 
294 for complete drying 
36 hours for complete drying; 7 hours for preliminary drying. 
12 tons for complete drying; 60 tons for preliminary drying. 
100°F; 58% relative humidity. 
160 to 180°F. 
Waste heat from tunnel kiln. 
Automatic control or temperature of inlet gases. Humidity is controlled by 
regulation of exhaust gases from fan and temperature of inlet air. 
Checked every few days for weight of final product. 


VI. Periodic Humidity Type 


Eureka Fire Brick Works, Mt. Braddock, Pa.'* 

Carrier periodic humidity drier. 

Wood-mold tile and sagger press. Usual type is hot-tops and square-edged tile. 
The hot-tops weigh up to 275 pounds dry, and the square-edged tile have a maxi- 
mum size of 4 by 12 by 20 inches. 


” C, E. Parmelee. 


15 
1. 
2. 
3. 
4. 
13. 
1 
2. Reversible circulating waste-heat tunnel drier. 
3. 
4. 
5. 
6. 
4 
8. 
9. 
10. 
ll. 
12. 
13. 
1. 
2. j 
3. 
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Two drying units, each holding 30 standard drier cars. Direct-fired heaters, using 
coke screenings as fuel, supply hot air which is introduced by the ordinary Carrier 
method. 

15%. 


1%. 

18 to 30 hours depending upon size of piece. 

About 15,000 nine-inch equivalents per drier. 

About 90°F and 85% humidity at start of operation. 

300 °F. 

Coke heaters. 

The humidity and temperature of the inlet air are automatically controlled. 


No control tests. 


Bessemer Brick Co., Large, Pa.* 

Carrier periodic humidity drier. 

Sleeves, nozzles, runner brick, and square-edged tile made by stiff-mud and vertical 
press (stiff-mud) methods. Pieces weigh up to 40 pounds. 

Two drying units each holding 32 cars on 2 tracks of 16 each. Each unit has an 
individual fan and steam heating equipment introduced into the drier and cir- 
culated by the Carrier ejector method. 

15%. 

1%. 

20 to 22 hours. 

About 15,000 nine-inch equivalents per unit. 

90°F and as high humidity as practical without. 

220°F. 

Live and exhaust steam with all live steam last 10 to 12 hours. 

Complete temperature and humidity control. 

No control tests. 


Pacific Clay Products Co., Los Angeles, Calif.’ 

Sturtevant periodic humidity drier. 

Stiff mud. 

Two separate drier rooms 90 by 36 by 8 feet. Ware is placed on pallets. Each 
drier holds 40,000 nine-inch equivalents. One fan and one direct gas-fired furnace 
serves both driers, being operated intermittently. Hot gases from the furnace 
are mixed with hot air circulated through the system. From the fan the 
hot air travels through an underground main flue and thence through lateral 
flues into the drier. The lateral flues are covered with perforated steel plates 
and the hot air passes up through these holes and around the brick. This air 
then exhausts through the openings in the top where it is collected and returned 
to the inlet fan. There are 128 openings on the top in four sheet-metal flues 
which run crosswise to the lateral flues in the bottom of the drier. Each opening 
has a sheet-metal damper for control. 

Stiff mud, 14.5 to 15%. 

2%. 

48 hours. 

20,000 brick per drier. 


0. Temperature and humidity carried out as follows: 
Hours Temperature (°F) Relative Humidity (%) 

0 85 92 

6 100 77 

12 110 70 

18 135 56 

24 160 43 

30 185 39 

36 200 39 

42 205 


48 210 


16 
5. 

6. 

7. 

8. 

10. 

11. 

12. 

3 

5. 

6. 

7. 

8. 

9. 

10. 
11. 
12. 
13. 
« 
5. 
6. 
7. 


11. 
12. 


17 


Gas furnace. 

Hand control; at the start of the cycle, only enough fresh air is admitted to 
provide for combustion of the gas. After 24 hours, part of this moist air is con- 
tinually exhausted through ports in the drier doors and a larger quantity of fresh 
air admitted into the furnace. Water is introduced into the main flue at the start 
of the cycle to provide initial humidity. 

Ware is weighed before and after drying. 
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EFFECT{OF REPEATED HEATINGS ON THE MECHANICAL 
STRENGTH OF HIGH-TENSION INSULATOR PORCELAINS* 


By R. F. 


I. Introduction 


This investigation was suggested by members of an industrial advisory 
committee on whiteware to the Bureau of Standards. The effect of one or 
more reheatings on the mechanical strength of high-tension insulators is of 
interest to manufacturers because slight superficial defects may be cor- 
rected in some cases by certain treatments, including return of the defective 
insulators to the regular heating cycle in the kiln. 

Tests to determine modulus of elasticity, strain between body and glaze, 
and linear thermal expansion, as well as petrographic analyses, were 
included, although the primary purpose of the suggested investigation was 
the determination of the effect of repeated heatings on mechanical strength 


only. 
Il. Materials and Methods 


Specimens of porcelain in the form of solid rods were submitted by three 
manufacturers herein designated as A, B, and C. The number and ap- 
proximate dimensions of the specimens are given in Table I. These speci- 


TaB_e I 
NUMBER AND APPROXIMATE DIMENSIONS OF THE Rops 


No. of Diameter Length (in.) Glaze thick- No. of 
Manufacturer specimens® (in.) - “ ness (in.) heatings 
A 280 0.77 ; 7 
B 280 0.74 ‘ 7 


* Represents 10 each of the glazed and unglazed specimens of each length from each 


heating. 
+ Specimens for determination of Young’s modulus and modulus of rupture in bend- 


ing. 
¢ Specimens for determination of strength in compression. 


mens had been heated by passing them from one to seven times through 
the regular kiln cycle for maturing ware. The average maturing tempera- 
ture was approximately cone 10 (1250°C). 

In making the transverse tests the load was applied at the center of a 
span of 8 inches when testing specimens from A and B, and a span of 12 
inches when testing specimens from C. 

Young’s modulus of elasticity was calculated from values determined 
with the apparatus described by Kessler and Sligh.' Five glazed and five 
unglazed rods from each heating were tested; some rods broke during the 
test and the unbroken ones were used later for determinations of modulus 
of rupture. When testing specimens from manufacturers A and B, the 
load was increased and decreased in increments of 25 pounds, and the 
moduli were calculated for applied loads over a range of 0 to 150 pounds. 
Load, increments of 50 pounds were used when testing the specimens from 


* Publication approved by the Director of the Bureau of Standards of the U. S. De- 
partment of Commerce. Received September 9, 1932. 
1 Bur. Stand. Tech. Paper, No. 349 (1927). 
18 
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C, and the moduli calculated for applied loads over a range of 0 to 250 


pounds. 

The modulus of rupture was calculated from breaking loads determined 
by means of the apparatus and methods described by Harrison.’ All 
available rods were tested. 

The first crushing tests were made with specimens either as received or 
with ends reground but not parallel (see footnote d of Table II). Results 


II 
RESULTS OF MECHANICAL TESTS MADE ON Rops SUBMITTED BY MANUFACTURER A* 
Modulus of rupture Young's | modulus Crushing strength 
No. Coefficient Coefficient Coefficient 
of variation of of 
b./in.4) b./in.®) 


of 


92 
95 
90 
89 
92 
86 
89 


AAA 


for modulus of rupture and crushing strength repre- 
10 determinations, and values for Young’s modulus 
to 5 determinations. . 


é 


* In practically all cases 
sent the averages of from 9 
represent the averages of from 

+’ Two determinations. 

¢ Three determinations. 

¢ Ends of specimens may not have been ground sufficiently smooth and parallel. 

X 10 indicates, to be multiplied by. 


were unsatisfactory, and the ends of all other specimens were not only 
reground with a planer type grinding machine but every precaution was 
taken to obtain ends as nearly parallel — with the equipment used. 
All specimens submitted were tested. the specimens from A some were 
crushed in a 100,000-pound Riehlé machine with «4 maximum error of 0.3% 
in loads above 1000 pounds; the remainder were crushed in a 50,000-Ib. 
Riehlé machine with a maximum error of 0.6% in loads above 1000 pounds. 
The specimens from B were crushed in‘the smaller, and those from C in the 
larger machine. In all of these tests a spherical bearing was placed be- 
tween the specimen and upper platen of the machines. 

A measure of the strain between glaze and body of specimens manu- 
factured by B was obtained by the Schurecht and Pole® “ring method.”’ 
Sixty rings, approximately 2 inches in diameter by 0.75 inch high by 0.18 
inch wall thickness, were submitted. Thirty rings were glazed with a 
brown glaze similar to that used on the rods and thirty were glazed with a 


2 Jour. Amer. Ceram. Soc., 8 [11], 774 (1925). 
* Ibid., 13 [6], 369 (1930). 


| 
1 106 Q 110 2 264 10 
2 114 7 109 3 504 12 
3 111 10 105 2° 58 15 
4 98 10 98 3 60 19 
5 95 15 105 4 68 17 
6 83 8 108 3¢ 73 11 
7 92 6 108 4 42¢ 14 

(unglazed) 
1 108 3 674 11 
2 113 2 394 10 
3 110 1 72 7 
4 104 2 73 1l 
5 113 2 69 15 
6 111 3 77 7 
7 110 2 674 13 
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white glaze; ten of each had been heated once, ten heated four times, and 
ten heated seven times. 
Coefficients of linear thermal expansion were calculated from expansion 
data obtained by the interferometer method.‘ 
x The kinds of specimens used for this purpose are 
\ shown in Figs. 1 and 2. All specimens from A’s 
rods were of type }, Fig. 1. That is, the points of 
contact with the interferometer plates were near 
(approximately 0.04 inch) the outer surface of the 
specimen. Specimens of type 6 were prepared 
from the unglazed, and types a, 5, and c from the 
glazed rods furnished by B. With specimens of 
type a the contact points were formed by the 
glaze. Tests with type @ specimens were made 
* beeause the glaze on the rods was too thin to 


permit preparation of 
LP 


a b Cc 
Fic. 1-—Types of 
specimens used for linear 
thermal expansion ob- 
servations of rods sub- 


mitted by manufacturers 
A and B. 


specimens of the glaze 
alone and not because it 
was thought that the ex- 
pansions observed with 
them would be the true 
expansions of the glaze; 
rather, it was hoped that tests of types a and 0d 
specimens of the same rod would show significant 
differences in expansion if such differences existed 


between the glaze and adjacent body. Type c 
was prepared from type 6 after the latter had 
been tested. In addition to tests on the above 
three types of specimens from rods submitted 
by B, thermal expansions were also determined 
of pyramids prepared from ‘“‘cores’’ approxi- 
mately 0.25 inch in diameter which had been 
ground from the center of glazed rods. Types 
b, c, and the ‘“‘cores’’ were used to determine 


appre 


Fic. 2.—Type of speci- 
men used for linear ther- 
mal expansion observa- 
tions of rods submitted 
by manufacturer C. The 
points at 1 and 3 were of 
the same type as shown 
at b, Fig. 1. 


thermal expansion of the body adjacent to the 

glaze at approximately 0.1 inch from the outer surface and at the center 
of the rod. The specimens of rods from manufacturer C were prepared 
as indicated in Fig. 2; points 1 and 3 were of type 5 (Fig. 1) and point 2 
was originally at about the center of the rod. 


Ill. Results 


Results of the mechanical tests are given in Tables II, III, and IV. 
Average diameters of the specimens from manufacturer A (Table II) are 
not given because there was practically no variation. The values show 
that in general modulus of rupture and resistance to crushing decrease with 
repeated heatings and that the coefficient of elasticity (Young's modulus) 
probably does not vary significantly. It is evident also that the presence 
of the glaze on the rods further tends to decrease resistance to failure by 
bending after repeated heatings. 


*C. G. Peters and C. H. Cragoe, Bur. Stand. Sci. Paper, No. 393 (1920); G. E 
Merritt, zbid., No. 485 (1924). 
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RESULTS OF MECHANICAL TESTS MADE ON Rops SUBMITTED BY MANUFACTURER B* 


No. 
heatings 
(glazea) 


(unglazed) 


2 
3 
4 
5 
6 


‘ 


Young's modulus 


Crushing strength 


Modulus of rupture 
Average 

10%) of variation 
(Ib./in.*) %) 
119 5 
119 5 
89 18 
41 
2 15 
38 10 
37 13 
101 4 
101 4 
100 
95 4 
OF 13 
91 6 
93 8 


(Ib. /in.*) (%) 
102 7 
107 2 
106 9 
113 
104 3 

YS 3 

96 
110 6 
113 2 
109 Q 
109 1 
112 3 
113 1 
108 6 


Coefficient “Average Coefficient Average Coefficient 
(X 105) of variation of variation 
Ib. /in.*) 


(%) 


Av. 
diam. 
(in.) 


* In practically all cases, values for modulus of rupture and crushing strength repre- 
sent the averages of from 9 to 10 determinations, and values for Young’s modulus 


represent the averages of from 4 to 5 determinations 


Values obtained with the ring test are not presented; the individual 
values for specimens from any one heating varied more than the average 
values for the several groups. This indicates that any changes which 
might have been caused by repeated heatings in the strains between glaze 
and adjacent body are too small to be measurable with the ring test. 


TaBLe IV 


RESULTS OF MECHANICAL TESTS MADE ON Rops SUBMITTED BY MANUFACTURER C* 


No. 
of 
heatings 
(glazed) 
l 
2 
3 
4 
5 
6 


(unglazed) 


Modulus of rupture 


(Ib. /in.*) 


Young's modulus 


(X 105) of variation 
(Ib. /in.*) (%) 


96 
92 8 
89 3 
91 4 
85 8 
89 
100 7 
95 3 
93 3 
88 1 
90 7 
89 7 


(xX 10°) 
(Ib. /in.*) 


66 


Crushing strength 


Average Coefficient Average Coefficient Average Coefficient 
(X of variation 


(%) 


of variation 


(%) 


Av 
diam. 
(in.) 


.074 
. 082 


.079 
. 080 
096 


* In practically all cases, values for modulus of rupture and crushing strength repre- 
sent the averages of from 9 to 10 determinations, and values for Young's modulus 


represent the averages of from 4 to 5 determinations. 


|_| 
83 s 0.739 
87 8 .739 
93 5 737 
77 15 743 
59 19 746 
62 22 756 
42 35 757 
88 9 0.714 
81 715 
88 ll 
68 10 .718 
78 15 720 
59 22 .721 
57 22 
121 4 || 6 
107 10 50 13 
93 ll 56 10 
75 10 32 18 
63 15 35 26 
60 40 13 
l 104 3 62 12 066 
2 G4 4+ 43 24 
3 90 5 5S 12 070 
4 8&3 4 38 18 
5 77 3 27 17 
6 78 4 44 10 
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Coefficients of thermal expansion (Table V) were not calculated for 
temperatures above 600°C because it was assumed that the glazes would be 
sufficiently soft at (or slightly above) this temperature to preclude the 
formation of differential stresses. This assumption is based on the fact 
that the glaze had softened sufficiently to mark the interferometer plates 
during one test in which a specimen of type a (Fig. 1) was heated to 700°C. 
The more detailed study of the body and glaze from B was made partly 
because tests of these glazed rods showed the greatest decrease in values of 
modulus of rupture, and partly because glazes on the rods from A and C 
were too thin to permit making specimens of type a. 

It was evident to the unaided eye that repeated heatings had produced 


TABLE V 
AVERAGE COEFFICIENTS OF LINEAR THERMAL EXPANSION FOR SPECIMENS CUT FROM 
GLAZED AND UNGLAZED Rops 


Average coefficient of 
linear thermal expansion? from 


Ty Room Room Room 
temp.— temp.— 
specimen heatings 200°C 400°C 500°C eoorc 600°C 


b (Fig. 1, unglazed) 1 
(Fig. 1, glazed) 
b (Fig. 1, unglazed) 


0.25 inch core from 
center of glazed rod 


c (Fig. 1) 

b (Fig. 1) 

a (Fig. 1) 
Duplicate of No. 13 
a (Fig. 1) 
Duplicate of No. 15 
(Fig. 2, unglazed) 


Duplicate of No. 18 
(Fig. 2, glazed) 


on 


1 
0 
9 
3 
0 
5 
.0 
0 
7 
1 
0 
7 


— 


> 


our 


COMOwW 


6. 
6. 
6. 
9. 
6. 
0 

0. 
0. 
6. 
8. 
5. 
0 

6 

7. 
9. 


Of 


© 
© 
~] 


* The letter ‘‘a” after the test number indicates that the specimen, after grinding to 
shape, was heated to 700°C and cooled in the furnace preliminary to making expansion 


observations. 
+ Values to be multiplied by 10~*. 


considerable change both in bodies and glazes. Fractures of once-heated 
bodies were irregular, or “‘stony,’’ and the color was of a yellowish white as 
compared with the smooth fractures and bluish white color of the bodies 
from the final heating. The glaze on rods from A and C had changed in 
color from mahogany brown to light yellowish brown. The glaze on rods 
from B, which was practically the same in color as the other glazes after the 
first heating, had changed to a deeper shade of brown after seven heatings. 
Thin sections were made of the glazed rods submitted by B. These sec- 
tions were examined by Herbert Insley and reported on as follows: 


fac- men Test 
turer no. no.* 
A 1 
2 
3 
4 
B 5 
6 
7 
8 
10 
ll 
% 12 
13 
14 
15 
= 16 5. 
17 6. 
™ 18 5. 
4 19 5. 
20 6. 
ae 21 oe 
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Quartz grains retained their angularity and show no evi- 
First Heating dence of solution. Most of the feldspar grains, particu- 
(a) Bod larly the smaller ones, are completely melted but many 
y retain central remnants of unmelted feldspar. ‘Grains 
originally composed of clay appear isotropic and structureless. 
(b) Glaze The glaze is composed of glass in which are (1) grains of 
quartz with rounded edges and showing much evidence of 
solution, (2) opaque tes of minute black particles which are proba- 
bly the coloring material, (3) fairly large grains, probably clay originally, 
now composed of a mass of extremely fine needles, probably mullite. 
(c) Body-Glaze At the contact the body shows considerable effect of 
Contact fluxing by the glaze. Quartz grains show much evi- 
dence of solution and there are a number of areas in 
which minute crystals of mullite have formed. It is impossible to deter- 
mine whether these areas were originally feldspar or clay, but probably were 
the latter. 


(2) Rod from 


(1) Rod from 


There are marked differences in the microstructure of 
, rods from the first and seventh heatings. After seven 
(a) Bod Heating heatings abundant long, fine mullite needles are pres- 

y ent. These are apparently more abundant in the 
melted feldspar grains than elsewhere. The feldspar has melted com- 
pletely. The grains of feldspar glass have deformed considerably but have 


TaBLe VI 
CHANGE IN PROPERTIES CAUSED BY REHEATING 


Manufacturer heatings of rods (%) 


10 
Glazed 35 


rods 7 20 


15 
35 30 


Unglazed 
ic 30 30 


* Determinations were made using specimens of type b (Fig. 1). 


not thoroughly diffused through the body. Quartz grains are rounded and 

are surrounded by a layer of glass. 

(b) Glaze Quartz grains in the glaze have completely disappeared. 
The glaze is composed of a glass containing (1) aggregates 

of black particles observed in the specimen from the ‘“‘first heating’’ and 

(2) long needle-like crystals, probably mullite, generally scattered through 

the glaze but frequently growing from the body-glaze contact into the glaze. 


IV. Discussion of Results 


Such relations as exist between mechanical strength and other deter- 
mined physical properties of the porcelains tested, and which may shed 
some light on causes underlying decreased strength of reheated rods, are 
believed to be shown to best advantage by the values presented in Table VI. 


‘ 
Decrease Decrease in average coefficient 
Decrease in resis- of linear expansion® from 
in modulus tance to 
of rupture crushing 100- 500- Room temp.- 
(%) (%) 200° C (%) 600°C (%) 600°C (%) 
10 
25 
15 
10 
20 
20 
> 
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Increase in the diameter of rods from B and C was small but definite 
(Table VI) and was fairly regular with repeated heatings (Tables III and 
IV). This increase in diameter indicates the porcelains to be ‘‘overfired,”’ 
1.e., a vesicular structure has begun to form, a condition considered highly 
undesirable because it is usually accompanied by decreased mechanical 
strength.® It is noteworthy that percentage decrease in values of modulus 
of rupture and increase in diameter of the unglazed rods are in the same 
relative order and that the rods from A, which showed least decrease in this 
property, also showed least change in physical composition as indicated by 
linear thermal expansion. Decreased resistance to failure in tension 
(modulus of rupture) of the reheated unglazed bars is therefore believed to 
be an inherent property of the altered and probably overfired body struc- 
ture. Further evidence that the decreased strength is an inherent property 
of the altered body, rather than a result of stresses caused by differences in 
thermal expansion between outer and inner portions of a rod, is the fact 
that the expansion of point 2 (Fig. 2) of the specimens of the rods from C 
was the same as the expansions of points | and 3. 

Lack of reliable data for those rods from A which were crushed and which 
had been heated once and seven times made it impossible to calculate a 
decrease in crushing strength comparable with other values in Table VI. 
Data in Tables II, III, and IV, however, show that resistance to crushing 
of rods from A (both unglazed and glazed) was higher after six heatings than 
it was after three heatings while equivalent values for rods from B and C 
were markedly lower. It is, therefore, logical to assume that specimens 
from A which gave no measurable evidence of overfiring, would show also 
least decrease in resistance to crushing after six or seven heatings. 

Neither the ‘ring test’’ nor observed thermal expansions furnished evi- 
dence regarding possible stresses in the glaze or the adjacent body. Yet 
to account for greater decreases in strength of glazed rods as compared 
with unglazed, it seems reasonable to assume that such stresses did exist. 
If compositions of the glazes did not change as much as compositions of the 
bodies (the latter changes being indicated by changes in coefficients cf 
expansion, particularly in the temperature range of 500 to 600°C), the 
result would be that the glazes on the reheated rod would be in greater 
tension than the glazes on the rods heated once. This would account for 
the fact that the reheated glazed rods from B (which showed the greatest 
change in body composition), when compared with the reheated unglazed 
rods, were the weaker in tension. Also, as can be seen from Table I, the 
glaze on rods from B was thicker than on the others and therefore any 
weakening effect because of the glaze not “‘fitting’’ the body would be more 
pronounced. The foregoing assumptions are in accord with the fact that 
differences in resistance to crushing of glazed and unglazed rods are not as 
great as differences in modulus of rupture because the influence of the glaze 
would be greater under tension than under compression. That the de- 
creases in values of modulus of rupture of the glazed rods are not in the 
same order as increases in diameter may be caused by complications 
produced by the glaze. It is nevertheless worthy of note that glazed rods 
from A, which showed least change in diameter and in body composition, 
showed also least change in strength with repeated heating. 


5H. H. Sortwell, Jour. Amer. Ceram. Soc., 6 [8], 915 (1923); R. A. Heindl, ihid., 
9 [3], 131 (1926). 
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V. Summary and Conclusions 


Glazed and unglazed rods of high-tension insulator porcelains, which had 
been heated in commercial kilns to the regular maturing temperatures 
(averaging approximately cone 10 or 1250°C) for from one to seven times, 
were submitted by three manufacturers (A, B, and C). These rods were 
tested for resistance to failure in bending and in compression. They were 
tested also to determine modulus of elasticity, strain between glaze and 
body, and linear thermal expansion, and specimens from one manufacturer 
were examined petrographically. 

Moduli of rupture of the glazed rods subjected to the maximum number 
of reheatings had decreased from 15 to 70% and the maximum decrease 
in resistance to crushing was 50%; equivalent values for unglazed rods 
showed decreases of from 5 to 25%, and 35%, respectively. 

Decrease in strength of unglazed rods is attributed to an altered and 
probably “‘overfired’’ condition of the body, while the greater decrease in 
strength of glazed rods as compared with unglazed is attributed to a 
combination of the altered body and stresses produced by the glaze. 

: ishes xpress his thanks to Louis Navias, Chair- 


Standards, for untiring efforts in obtaining specimens; to the three coéperating manu- 
facturers; and to A. S. Creamer and D. N. Evans for assistance in the laboratory. 
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ACTIVITIES OF THE SOCIETY 


RULES FOR PRESENTATION OF PAPERS AT TECHNICAL SESSIONS OF THE 
AMERICAN CERAMIC SOCIETY* 


(A) Listing of Papers 
The papers on the Division Programs will be called in the listed order. Except 
at the discretion of the presiding officer the order will not be altered. Papers called 
without response will automatically go to the end of the list where they may be called 
if time permits. Titles submitted too late to appear on the program will be announced 
at the opening of the meeting and will be given place at the end of the regular program. 
Papers listed by authors who are not present at the meeting will not be read unless 
those present express by vote their wish to hear them. Written discussions are desired 
and invited, and if made known, such will be given hearing before extemporaneous oral 


discussions. 
(B) Presentation of Papers 

Careful preparation of papers and attention to the manner of presentation are as 
necessary to the speaker facing a technical audience as they are to the lawyer pleading 
at court. 

Authors, except specially invited lecturers, are expected to present their papers in 
15 minutes. Where the text is long or the mass of data is too great to permit this, 
the paper should be abstracted and only the salient points presented in order to keep 
within this limit. The Chairman may extend the time of a speaker on vote of those 

nt. 

A careful selection and summarization should be made of the most important parts 
of each paper. This should not include more than a thousand words and should be 
less for slow speakers. While undue haste will lessen the effectiveness of the speaker, 
lengthy pauses due to unfamiliarity with the’ speech are a waste of time and are ex- 
tremely trying to the listeners. 

There are four ways of delivering an address: (1) Reading from manuscript. Read- 
ing with the eyes almost constantly on the manuscript is emphatically condemned. 
This method will not hold the attention of the audience. (2) Speaking from notes. 
Speaking from notes is less disturbing to the listeners than reading from the com- 
pleted manuscript. (3) Speaking memoritor. A thoroughly well-memorized speech 
can be successful if learned so well that the speaker is not haunted by fear of forgetting 
so that when speaking he can realize the full significance of what he is saying. (4) 
Speaking extempore. This is the most effective method of delivering a speech. It 
demands most thorough preparation. The speaker should write and rewrite the ad- 
dress several times, then read it aloud at least twenty times, each time trying to convey 
the meaning to an imaginary audience. Afterward, he should speak it aloud without 
the manuscript many times, making no attempt to memorize it verbatim, but leaving 
the choice of words to the occasion. If inexperienced, it is always an aid to confidence 
to memorize the introduction and conclusion. 

Speakers are urged to use medium-sized filing cards that can be held in one hand 
leaving the other free for motion. Cards should not be written on both sides, and only 
one idea should be written on each card. 

When the Chairman has introduced the speaker to the meeting, some person in the 
last row of the audience should be selected and addressed, slowly, distinctly, and loud 
enough so that he can hear at all times. When showing slides, this person should be 
addressed. Do not talk to the screen. 

(C) Lantern Slides 
The slides should be of the standard American size, 3'/, by 4 inches. The lettering 
should be of such size as to be easily read at a distance from the screen. - 
(D) Preprinting of Papers and Committee Reports 
: The Committee on Publications will use its best endeavors to have the papers 
and committee reports to be presented at Annual Meetings available in printed form 
at the Meeting. To render this practicable, the manuscripts should be sent to the Editor 
at least two months in advance of the Meeting at which they are to be presented. 
It is manifest, however, that if all papers forming part of a comprehensive program should 
* Adopted by the committee on Publications, American Ceramic Society. 
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be received only two months in advance of the Meeting, it would not be possible to have 
them all in type in a single month. Authors and chairman of committees are ac- 


oe the sequence in which the papers are received will determine the sequence 
in which they will be preprinted. 


(E) Discussions 


All written discussions shall be placed in the hands of the Division Chairman prior 

to the session at which they are to be presented. Such written discussions shall take 

over oral discussions. In the presentation of written or oral discussions the 

will, in general, be limited to 5 minutes, but this time may be extended at the 
discretion of the chair or by vote of the meeting. 


(F) Publication in the Technical Press 


No paper, committee report, or written discussion shall be released for publication in 
the daily or technical press in advance of its presentation except by authority of the 
Committee on Publications, nor after its presentation unless it has previously been edited 
by the Committee or the Committee agrees to release it without editing. 


I. Division Editorial Committee Procedure 


(A) Committee Personnel 


Each Committee should consist of three members chosen by their Division officers 
and members. One of the three persons named should be appointed chairman of the 
Committee. 

(B) Procedure 


(1) Editor’s Work The paper is first edited by the Editor of the Journal in such 
manner as he should judge best suited for publication purposes. 
If the paper is cut and written over to a great extent, the author’s original copy should 
also be submitted with the revised copy to the Committee. This enables the Com- 
mittee to judge the value of the Editor’s suggestions and to restore portions if they are 
agreed on such action. 
(2) Committee (a) The paper is then forwarded to the Chairman of the Division 
Procedure Committee under whose supervision the paper falls. After checking 
the paper, the Chairman forwards the paper to the second member of 
the Committee together with his comments. 
(b) The second member of the Committee, after reviewing the paper, makes his 
s' tions and forwards the material to the third member of the Committee. 
fc) From this point the present Division Editorial Committees are at variance in 
procedure. The third member of the Committee reviews the paper and checks the ac- 
cumulated evidence as to its suitability for publication, and it stan the material 
with his comments to the Chairman of the Committee, or (2) reviews the material and 
then returns it to the editorial office with the final instructions as to the disposal of the 


paper. 

The first plan (1) seems to be the most logical and in practice seems to have been the 
most successful. 

(d) Where the Committee disagrees with statements of the author but considers 
the fundamental work worthy of publication, the paper with these comments is returned 
to the author by the editorial office with the recommendation that he clear up the points 
in question. 

te) Where the paper does not seem to fit in with the standard quality for the Journal 
or for the Bulletin, the paper is returned to the author so that he may submit it else- 
where for publication. In case of disagreement the paper becomes the property of the 
author. 


II. Important Constitutional Provision 


Article X. Publications 


The rejection of papers will be determined chiefly on the following grounds: (a) 
the subject matter does not fall within the field of the Society’s activities; (5) the paper 
contains matter readily found elsewhere; (c) the contents are of an advertising character; 
(d) the author controverts well-established facts; (¢) the subject matter is not new; 
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(f) the subject matter is essentially of a speculative nature; (g) the treatment is seriously 
defective as to literary form and structure, continuity of thought, clarity of expression, 
etc. 

Note: The Publication Committee has adopted a rule for its own procedures 
that (1) no paper or report will be published by the Society that will appear else- 
where in English except as a reprint from the publications of the Society; (2) officers 
of Divisions may at their own discretion accept for meeting programs papers and 
reports subject to reservation of publication rights by the author. 


The Committee on Publications shall determine which papers shall be printed. 
The Committee may return a paper to the writer for change or correction and may call 
to its aid one or more members of special experience relating to the subject treated, either 
to advise on the paper or to discuss it. 

All papers, discussions, and other writings which have been presented before the 
Society, its Divisions, or Sections, and all committee reports shall become the property 
of the Society. Their publication or other disposition shall be in the hands of the Com- 
mittee on Publications. 


III. Suggestions to Authors for the Preparation of Papers 
(A) General 


Papers should be submitted typewritten in double or triple space to permit me- 
chanical editing for the printer. White paper, 8'/, by 11 inches, should be used and the 
original and one copy should be sent to the Editor. 

An abstract statement of the procedure and conclusions of the problem of the paper 
should be submitted with the manuscript. The length of this abstract will depend on the 
subject matter of the paper. All of the important results should be included in the ab- 
stract. Ordinarily one hundred words is sufficient for this statement. 


(B) Footnote References 


The first reference is a star (*) stating where the paper was presented and the date 
of its receipt in the Society offices. 

Other footnote references are numbered consecutively from 1 up, and the following 
order should be used: author name, title of book or paper, volume number, issue num- 
ber, page number, and year. Book titles are never put in quotation marks. Articles 
from publications are always put in quotation marks. 

Example: (1) Hewitt Wilson, Ceramics, Clay Technology, pp. 00-00. McGraw- 
Hill Book Co., Inc., New York, 1927. 

(2) F.A. Kirkpatrick and W. E. Williams, ‘“‘A Cone Nine Vitrified Floor Tile Body,” 
Jour. Amer. Ceram. Soc., 15 [1], 28-33 (1932) 

For abbreviations of periodicals the style as found in Ceram. Abs., 9 [12], 1116-27 
(1930) should be used. 

Bibliographies should appear at the end of the paper and the style for footnotes 
should be used for books and papers. 

References to patents should include patentee, assignee, name of patent (or title), 
patent number, and issue date. 

Example: A. N. Cramer (Owens-Illinois Glass Co.), Glassware Annealing Leer, 
U. S. 1,854,452, April 19, 1932. 

Note: Responsibility for the accuracy of references rests entirely with the author, 
although the editorial office spends a great deal.of time in verifying such material. A 
reference has no value if it is incorrect. 


(C) Tabular Material 


All tables are set up without rules. It is important that this material be double 
spaced in a manner similar to the body of the paper. Tables are numbered with Roman 


numerals from I. 
' Abbreviations are permitted in tabular headings, but (") for inch, (’) for foot, and 
similar signs should not be used. It is permissible, however, to use a slant line (/) for 


6g (D) Photographs and Line Drawings 


All illustrations accompanying a paper should have consecutive Arabic numbers 
from 1 up, e.g., Fig. 1, Fig. 2, etc. Separate Roman plate numbers are confusing. The 
figures (photographs and line drawings) should follow consecutively and will be placed 
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as close as possible to their reference in the text. All references to these figures should 
be made ir. che same terms as expressed on the figure, i.¢., Curves 1, 2, and 3, or A, B, and 
C sinwuid have similar reference in the text of the paper. Where a complete description 
of the cut is given in the paper, care should be taken not to duplicate this material 
in the legend of the figure. Authors should indicate the position of figures by marginal 
notations. 

Whenever possible, line drawings should be supplied ready for the engraver. They 
should be submitted on tracing cloth or plain white paper, drawn to a scale large enough 
to permit a three-fourths reduction on a drawing of 8'/:-by 11-inch size. Lettering on 
such a drawing should be */j. inch and numbers should be at least '/s inch. 

X-ray and photomicrographs are not reduced in size, but wherever possible are 
trimmed to leave only the essentials for reproduction. 

Blueprints and photostats can not be used for reproduction. 


(E) Headings on Papers 


The title of the paper is always all capital letters with no punctuation. 

Headings are not unde 

Following the abstract of the paper the usual procedure is (1) introductory ma- 
terial, stating the problem and reasons for the report, (2) historical survey of previous 
work, (3) plan of procedure and apparatus, (4) test methods, (5) test results, (6) dis- 
cussion of results, and (7) general conclusions. Of course, there is a standard set of 
main headings wanted; the main center headings to be used depends on the material 
being reported. This outline is only general but these titles, if used, are centered and 
numbered in Roman numerals. Occasionally it may be necessary to insert a centered 
subtitle which is used with capital letters in parentheses. Side headings are numbered 
in Arabic numbers in parentheses, and if sub-side headings are required, lower case 
letters in parentheses are used. 


Example: 1. Introduction 
II. Present Work 
(A) Mo Spiral Winding and MgO Refractory. 
(B) Zigzag Winding and MgO Refractory 
(1) Zigzag Welded Winding (side heading) 
(a) Sub-side heading, if necessary 


IV. Miscellaneous Rules 


(1) Do not use professional titles and Mr. with names (except where there are no 
initials given). 

(2) Use dieresis with 06 and eé (not hyphen). Example: codperation. 

(3) Pounds, feet, inches should be spelled out in the text except where a long series 
of weights or dimensions occurs. 

(4) Abbreviations used in the text are as follows: 


3 Ib. (not Ibs. or #) 18% (not 18 per cent) 
7 ft. 6 in. (not 7‘ 6”) 92°F (not degrees or Fahr.) 
9 by 12 ft. (not 9 x 12) No. 2 (not #2) 


(5) Use “x” for “by” in expressing dimensions in tabular material. 

(6) Omit comma in figures up to 10,000 (1492 not 1,492). 

(7) In decimal numbers having no units place a cipher before the decimal point 
(0.641 not .641). 

(8) If Greek letters or mathematical symbols are used, indicate indentification in 
the margin. 

In formula material, where the printer may confuse the typewritten letter “‘l” and 
the numeral “1,” indicate their correct use. This also applies to the capital O and the 
numeral zero. 

(9) At the beginning of a sentence spell out numerals. 

(10) Where one number follows another without punctuation, spell out one of them. 
preferably the first (sixteen 4-in. sheets). 

(11) Spell out numbers from 1 to 10 unless used in series. 


/ 
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V. Style Sheet for Technical Expressions in Publications of the American Ceramic 


as regards (mever use), use “as to” or 
“in regard to” 
Association, Assn. (not Assoc.) 


back up (verb); back-up (noun and adj.) 
backward (not backwards) 


Bakelite 
balance (never in sense of “remainder”’) 
barite (not barytes) 
Baumé, Bé 
lowhole 


briquet (not briquette) 

British thermal units, B.t.u. 

bucketfuls (not bucketsful) 

Bunsen burner 

buret = burette) 

burn (never use except with fuels; see 
clinker, calcine, fire, melt) 

by-laws or bylaws 

by-product 

by (use x for tables and formulas) 


calcine (use with never use “burn’’) 

calories, calory, cal 

candlepower, cp 

Carborundum += silicon carbide, except 
where specific trade product is meant) 

carbureter or carburetor 


cast iron (noun); cast-iron (adj.) 
Centigrade, C (no period) 
checker brick (noun); checker-brick (adj.) 
checkerwork 


chemically pure, c.P. 

clayworking 

clinker (use with cement; never use“‘burn’’) 
coal gas 

company (lower case, except with com- 
pany name) 

concern (never use for company) 


conveyer (not conveyor) 
copperhead 


councillor 

crankpin 

cross-bending 

cross-section 

cryolite (not kryolite) 

cubic centimeters (liquid volume) cc. 
cubic centimeters (dry volume) cu. cm. 
cubic meter, cu.m. 

cyanite (not kyanite) 

Czechoslovakia 


degree (spell out without numeral) other- 
wise 6°C, 6°F 


electropprcelain _ 

enameled, enameling (one “‘l’’) 
enamels are fired (not burned) 
enamelware 


Fahrenheit, F (no period) 

faience (not fayence) 

feed water (noun), feed-water (adj.) 

feet per second (in tables and abstracts, 
ft./sec.) 

feldspar (never use “‘spar’”’ alone, except as 
heavy spar) 

ferro alloy 


ferrocyanide 
filter press (noun); filter-press (verb) 
firebed 


fire box (noun); fire-box (adj.) 
fire brick (noun); firebrick (adj.) 


fire bridge 

fire clay (noun); fireclay (adj.) 

fire pockets 

fire (use for brick, terra cotta, enamel, 
clay; never “burn’”’) 

fireproof (noun and adj.) 

fire-resisting (verb) 

fire-travel 

fishscale 

flash-wall 

flowerpot 

flowmeter 

flowsheet 


scid-proof or ecidproot 
acid-proof or acidproof 
after-expansion 
after-shrinkage 
afterward (not afterwards) 
aging (not ageing) 
air blast (noun) > 
align (not aline) 
alkali (not alkalie) 
alternating current, a.c. 
alumino-silicate 
Alundum 
analyzed (not analysed) 
Angstrom unit, A, sometimes A. U. ee 
arch brick (noun); arch-brick (adj.) delftware 
not diaspore (not diaspor) 
direct current, d.c. 
direct-fired (adj.) 
disk (not disc) 
downdraft (adj.) 
drier (not dryer) 
drillhole 
dustproof 
earthenware 
electrochemical 
blowpi electromagnetic 
electromotive force, e.m.f. 
board feet, b.ft. electrodsmosis 
brick (never bricks) 
brickwork 
| 
| 
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foot-pounds, ft.-Ib. 
for example, ¢.g., (use abbreviation in 
abstracts) 


forehearth 

formulas (not formulae) 
frit (not fritt) fritted 
fulfill 


fuller’s earth or fullers’ earth 
gage (not gauge) 

gehlenite 

glassblowing (adj.) 
glassforming 


glassmaking 
glassmelting 
glasspots 


glassware 
glassworking (adj.) 
Glauber salt or Giauber’s salt 


goosenecks 

grain (always spell out) 

gram (g. or spell out) 
gram-calories (g.-cal. in tables) 
gray (not grey) 


hand-painted 

heat balance 

heat-treated 

heat treatment 

high-grade (adj.) 

hollow ware (noun); hollow-ware 
horse power, h.p 

hour(s), hr. (not ‘hrs.) 

100 Ib. (do not use cwt.) 
hydrogen ion, px 

hydrogen-ion (adj.) 


inasmuch as 

indexes (subject, author, etc.) 
indices (of refraction) 7 

input 

interrelation 

Invar bar (trade name) 
kieselguhr (not capped) 
kilovolt-ampere, kva. 
kilowatt-hour, kw.-hr. 
kyanite, see cyanite 

kryolite, see cryolite 

layout 

leer 

lightweight 

lime is calcined (not ““‘burned’’) 
lime kiln 

limestone 

limewater 


liquefy (not liquify) 


(adj.) 


liter (not litre) always spell out 
logarithm, log = period) 
low-grade (adj 


make up (noun); makeup (adj.) 
manufacturer (spell out) 

Mariotte fiask 

mat (not matt or matte) 

medieval (not mediaeval) 

Méker burner 

metalware 

microampere 

micromicrons, m and 

ee ih (mever use, see photo- 


miles per hour, m.p.h. 
modeler (one 


Mohs’ scale 


open-hearth (adj.) 
overall (including everything ) 
overhead 


oxidize (not oxidise) 


2 


page, p.; pages, pp. 

parts per million, p.p.m. 

peephole 

per cent (% with numbers) 

phase-difference 

phosphorus (noun); phosphorous (adj.) 

photoelectric 

photomicrograph 
graph) 

physicochemical 

pinhole 

plaster of Paris 

platinum platinum-rhodium, Pt Pt-Rh 

Portland cement 

pozzuolana 


(never microphoto- 


preheat 

pressed ware (noun); pressed-ware (acj.) 
pug mill (noun); pug-mill (adj.) 

Pyrex brand glass (not Pyrex glass) 


quicklime 
refractive index, nf 
remainder (never use “‘balance”’ in this sense ) 
réle 


revolutions per minute, r.p.m. 
rottenstone 


glasshouse 

mold (not mould) 

molecule, mol. 

muffle-fired (adj.) 

refractive index 
grayware nonacid 
grisaille nonmetallic 
Gross Almerode clay 
groundmass 
gypsum is calcined (not “burned”’) 
hairline overglaze 
handmade 
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rule-of-thumb 
run-of-mine 

reinforce (not reénforce ) 
Réntgen ray 


sadiron 

saltcake 

saltpeter 

salt water 

sandblast 

sand-lime (adj.) 

set-up (noun); set up (verb) 

sewer pipe (noun); sewer-pipe (adj.) 

sheet iron (noun); sheet-iron (adj.) 

shut-down (noun); shut down (verb) 

side walls 

silex (not capped) 

siliceous (not silicious) 

silico-fluoride 

silicon carbide (see Carborundum) 

skewback 

skilful 

slide rule 

soft-mud (adj.) 

soundproof 

spar (see feldspar) 

specific gravity (spell out or sp. gr.) 

stiff-mud (adj.) 

stoneware 

stonework 

stopcock 

straight-edge 

streamline 

sulfur, sulfide, sulfate (not sulphur, sul- 
phide, sulphate) 


tableware 

teapot 
temperature-difference 
terra cotta is fired (not “‘burned’’) 
test piece 

textbook 

thermoelectric 

though (not tho) 

through (not thru) 
time-limit 

times (use X); by (use x) 
ton (spell out) 


toward (not towards) 

truing (not trueing) 

tuyére 

ultra-violet (always hyphenated) 
underglaze 

under load (noun); underload (adj.) 
updraft (adj.) 

up-to-date (adj.) 


Valendar clay 
viewpoint 
viscometer 
viscosimeter 
Vita glass 
vice versa (italic) 
vs., viz. (italic) 
voltmeter 
volt-ampere 


interchangeable 


ware (not wares) 

water-cooled (adj. and verb); water cool- 
ing (noun) 

water gas (noun); water-gas (adj.) 

water bath 

water-glass 

water jacket 

water-power 

waterproof 

water-smoking 

water-soak 

water tank 

watertight 

water-vapor 

watt-hour (spell out) 

wattmeter 

wave-length 

Wedgwood (not Wedgewood) 

weight-loss 

wellhole 

well known; well-known (adj.) 

whiteware 

wineglass 

work piece 

worth-while (adj.) 


X-ray (see Réntgen ray) 


yield value 


OUR 1933 SUMMER MEETING 


Great Engineering Gathering at Chicago 
What promises to be the greatest and most important conference of engineers ever 
held in this country, and probably the world, will convene in Chicago during the week 
of June 25-30 in connection with the Century of Progress Exposition. World’s Fair 
officials have designated this period as ‘‘Engineering Week,’’ and one day will be known 


as “‘Engineers’ Day.” 


The probable attendance of engineers from all parts of the country, as well as from 
many European countries, is estimated at a minimum of 25,000 with a possibility of 


triple that number. 
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A general committee known as the Engineering Societies Committee of the Century 
of Progress Exposition has already been established in Chicago under the chairmanship 
of Harry B. Gear. Organization work is under way and a number of sub-committees 


have been appointed to function on the 


various phases of the coming event. 


The plan is for the various societies to hold individual or joint meetings of their 


own groups except for ‘Engineers’ Day”’ when all groups will join in a giant 


conference. 


The outstanding engineers of this and other countries will appear on the program 
to report the newest developments in their respective fields. 


Coincident with the speaking 


there will be held an exposition of power 


and engineering machinery and appliances in keeping with the size and importance of 


the gathering. 


Approval of participation has already been given by nineteen engineering associa- 


tions, either by their national headquarters or through their Chicago chapters. 
The organizations coéperating are as follows: 


will also participate. 


American Association of Engineers 
AMERICAN CERAMIC SOCIETY 
American Foundrymen’s Association 
American Institute of Electrical Engineers 
American Institute of Mining and Metal- 
lurgical Engineers 
American Society of Civil Engineers 
American Society of Mechanical Engineers 
American Society of Municipal Engineers 
American Society for Testing Materials 
American Society of Agricultural Engi- 


Others 


National Council of State Boards of Engi- 
neering Examiners 

Society for the Promotion of Engineering 
Education 

Society of Industrial Engineers 

Institute of Radio Engineers 

Western Society of Engineers 

American Institute of Architects 

American Society of Heating & Venti- 
lating Engineers 

American Society of Refrigerating Engi- 


neers neers 
National Association of Practical Refrig- 
erating Engineers 


The general public does not realize the tremendous part played by the engineering 


profession in making life more comfortable, in lifting the burden of manual labor for all 
members of the household, and in the multitude of other benefits which have played 


such a vital part in the advancement of civilization. It is felt that the coming week 
of meetings, conferences, and exhibits provides an ideal opportunity to demonstrate 
what the engineering profession means to humanity. 

No “engineer” can afford to miss the opportunities to be presented by “‘Engineer- 
ing Week.’’ The arrangement has progressed sufficiently to indicate that the meet- 
ings will be in the nature of a vast school of all that is new and advanced in thought and 
machinery, in which every engineer can find great benefit. 


G. E. Pristerer, Chairman of Publicity, 
Joint Committee of Engineering Societies 
Century of Progress Exposition 


The Significance of Engineers’ Day 


On this day, especially set apart and dedicated to the Engineer, a marvelous series 
of demonstrations of the wonders wrought by science since the founding of Chicago 
will be presented to the world. That engineers may see the fruits of their own efforts, 
every mechanical, electrical, and physical piece of apparatus will be in service, produc- 
ing the results that have made this tlie Age of Wonder. Exhibitors, realizing the 
critical nature of their audience, will be on their toes, that their equipment may show 
to best advantage to the thousands of understanding visitors who will be there. Nine- 
teen of the national societies, with a membership of one hundred thousand, have set 
this day and week for a world-wide conclave. Great engineers from all over the world 
will come to see the achievements of American genius. 

Conferences of the several Societies will listen to the reading of papers on scientific 
subjects by recognized authorities and discussions by famous engineers. No one, either 
directly or indirectly affiliated with industry, can afford to miss this opportunity. With 
the world for an audience, the best thought of the best minds will characterize the dis- 
cussions. Undoubtedly some permanent record will be made and the history of science 
enriched by the master contributions of that week. 

The part played by engineers in the modeling of civilization will be held up to the 
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gaze of the world. This marvelous opportunity offered to a group of men ordinarily 
self-effacing shall not be passed without adequate recognition. Man owes an incalcu- 
lable debt to the engineer, the recognition of which will serve to dignify and sustain the 
position of the profession and implant in the minds of men some idea of his service to 
humanity. This day will indeed signify that the engineer is the mainspring of human 
progress gladly serving his fellow men and ever ready to heed the call to new and better 


NATIONAL CONFERENCE ON CONSTRUCTION REPORT' 


The National Conference on Construction was concluded Friday, October 14, 1932. 
About 150 members were present on Thursday and 65 or 70 on Friday. The sessions 
of the Conference were held in the Conference Room of the new Department of Com- 
merce Building. Messrs. Barnes and Chapman alternated as Chairman of the meeting 
and both made splendid talks on the aims and objects of the Conference. 

Those who were present and those who read the reports will surely have a much better 
understanding of the difficulties which confront the so-called construction industry (Col. 
Chevalier remarked that there is no such thing as a construction industry, but that 
construction is carried on by a number of related industries having a common objective 
and a common interest). 

From remarks and talks made, I feel assured that the policy of the Home Loan Banks 
will favor new construction, relief from foreclosures, and will not be used for thawing 
out old financial ice that some of the institutions have had in storage for years represent- 
ing simply bad judgment. 

The Conference is to constitute a Committee for continuing the work of the Con- 
ference. This Committee is to report to the United States Chamber of Commerce. 
Note that ‘“‘the internal problems of the construction industry are within the sphere of 
the construction league and that study of the internal or inter-industry problems can be 
best coédrdinated by the Chamber of Commerce.”’ 

Something tangible and valuable may result from this Conference, but if it does, I 
think it will be due to knowledge gained by those who were present or who read the re- 
ports and translate that knowledge into effective action. I was particularly impressed 
by the caliber of the speakers at this Conference, their sincerity of purpose to accomplish 
something for the benefit and welfare of the construction industry as a whole, and by the 
particular lack of what might be termed selfish motives. At no point during the Con- 
ference did any occasion arise that made it seem necessary to defend any special interest 
or materials. The problem was viewed as one of the whole. 


O. W. RENKERT, Representative, 
Paving Brick Specification 


NEWS FROM THE LOCAL SECTIONS 


Pittsburgh Section 


The members of the Pittsburgh Section met on December 13, 1932, at Mellon In- 
stitute. The address of the evening was presented by F. A. Harvey, Harbison-Walker 
Refractories Company, on “Recent Developments in Refractories.” Dr. Harvey 
had a number of samples with which to illustrate his talk. He described the general 

plan of attack used by his company in going about a research problem and followed with 
* several examples. The principal part of the talk dealt with the effect of screen size on 
the shrinkage of fire brick. 

The following officers were elected: Chairman, H. H. Blau, Vice-Chairman, Harold 
E. White, Secretary, Raymond E. Birch, and Treasurer, Jack H. Waggoner. 


1 Excerpts from letter to E. P. Poste, President of the American Ceramic Society, 
October 17, 1932. 


ACTIVITIES OF THE SOCIETY 35 


Baltimore-Washington Section 


On December 3, 1932, the members of the Baltimore-Washington Section met at the 
Tilden Gardens Club Building, Washington, D.C. G. E. F. Lundell, chief of the 


F. C. Kracek, Geophysical Laboratory, Carnegie Institution, Washington, D. C.., 
talked on ‘‘The Equilibrium Phase Relations in the Alkali Silicate Systems.” The 
melting-point relations in the above were discussed as well as the problems con- 
nected with establishing the nature of stable crystalline phases and the bearing of these 
results on the stability of glasses. 


NEW MEMBERS RECEIVED IN NOVEMBER 
CORPORATION 
The Bonnot Co., B. T. Bonnot (voter), Canton, Ohio. 
PERSONAL 


W. C. Denison, Jr., President, Denison Engineering Co., Delaware, Ohio. 

Otakar Kallauner, Rybkova Street 6, Brno, Czechoslovakia; Director of the State 
Institute for Silicate Research and Professor at the Polytechnical High School. 
Alys Roysher Young, Stoneacre, Robinwood Lane, Gates Mills, Ohio; Instructor, 

Cleveland School of Art. 


SrupEent 


Owen J. Reynolds, New York State College of Ceramics, Alfred, N. Y. 
Membership Workers’ Record 


Corporation Personal Student 


Office 1 Mrs. A.R. Dyer 1 Office 1 Total 5 
Office 2 


ROSTER CHANGES FOR OCTOBER AND NOVEMBER 
Personat* 


Anderson, Thomas B., Crown Potteries, Evansville, Ind. (218 N. Ninth St., Cam- 
bridge, Ohio.) 

Arnold, R. E., 113 W. 16th St., Dover, Ohio. (East Akron, Ohio.) 

Bellamy, Harry T., 926 S. Olive, Mexico, Mo. (Belvidere, Ill.) 

Callahan, H. D., 981 Franklin Ave., Columbus, Ohio. (27 N. Newstead, St. Louis, Mo.) 

a xy Robert M., 726 Crown St., Morrisville, Pa. (445 Parkway Ave., Trenton, 


Cohn, Witt M., 1522 Henry St., Alton, Ill. (168 Lexington Ave., Cambridge, Mass.) 

Copp, Warren F., Wheeling Steel Corp., Portsmouth, Ohio. (Plant 2, Frigidaire Corp., 
Dayton, Ohio.) 

Cowan, . my Onondaga Pottery Co., Syracuse, N. Y. (1499 Cohasset Ave., Cleve- 
land, Ohio. 

Crawford, J. L., Walsh Refractories Co., 4428 North First St., St. Louis, Mo. (Laclede- 
Christy Clay Products Co., St. Louis, Mo.) 

Falknor, Tom, Barry Court, 17 Calhoun St., Trenton, N. J. (387 Middlesex Ave., 
Metuchen, N. J.) 

Fallon, Frank, 810 W. Springfield St., Urbana, Ill. (Stupakoff Laboratories, Inc., 
Pittsburgh, Pa.) 


* The address within parentheses represents the old address. 


; curacy of Analyses of Certain Ceramic Materials.” This lecture was based on the re- ‘ 
‘ sults that have been reported in the analysis of Bureau of Standards standard samples. 
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Field, Norman L., Box 592, Sonora, Calif. (Gladding, McBean & Co., Auburn, Wash.) 

Frank, G. Harry, 5436 Ferdinand St., Chicago, Ill. (4205S. Austin Blvd., Oak Park, II.) 

Greaves-Walker, A. McKinley, Libbey-Owens-Ford Glass Co., Charleston, W. Va. 
(Toledo, Ohio.) 

em a 317 Gardner Ave., Trenton, N. J. (Rutgers University, New Bruns- 
wick, N. J. 

Hermann, Max, 239 Ocean Ave., Brooklyn, N. Y. (113 Louis St., New Brunswick, 
N 


os C. A., 15 W. Fourth St., Chillicothe, Ohio. (310 W. Broad St., Columbus, 
Ohio. 

~~ — F., 6710 S. Gifford Ave., Bell, Calif. (3234 N. Griffin, Los Angeles, 
Calif. 

Hunting, Everett C., Center St., Dunellen, N. J. (2417 Park Ave., Plainfield, N. J.) 

d R., Greenville, Calif. (Carquinez Hotel, Richmond, Calif.) 

Knowles, Ww. V. ‘Titanium Alloy Mfg. Co., Niagara Falls, N. Y. (B. F. Keith Bldg., 
Cleveland, Ohio.) 

Landrum, R. D., Harshaw Chemical Co., 365 E. Illinois St., Chicago, Ill. (3384 Nor- 
wood Rd., Shaker Heights, Cleveland, Ohio.) 

— — G., 1515 Versailles Ave., Alameda, Calif. (522 Landfair, Los Angeles, 
Calif. 

Longenecker, H. L., N. J. Clay Products Co., Inc., South River, N. J. (622 W. South 
St., Raleigh, N. C.) 

McKeown, Thomas H., Roessler & Hasslacher Chemical Co., Empire State Bldg., New 
York, N. Y. (Perth Amboy, N. J.) 

Musselman, John E., R. R. 2, Clyde, Ohio. (1308 Main St., Elwood, Ind.) 

Neff, John M., 45 W. Star Ave., Columbus, Ohio. (54 Augustine St., Rochester, N. Y.) 

Powell, William R., Rolla, Mo. (604 S. Clark St., Mexico, Mo.) 

Rossell, H. A., 1710 Byers Ave., Joplin, Mo. (Christmas Copper Co., Christmas, Ariz.) 

Salisbury, Frank W., 943 N. Lincoln Ave., Pittsburgh, Pa. (Marietta Mfg. Co., 
Indianapolis, Ind.) 

Shands, Everett H., Detroit Vapor Stove Co., 12345 Kercheval St., Detroit, Mich. 
(Porcelain Enamel & Mfg. Co., Baltimore, Md.) 

Spurrier, Harry, Defiance Spark Plugs, Inc., Toledo, Ohio. (699 Webb Ave.. Detroit, 
Mich.) 

Suter, Walter P., 21 Kenmare Rd., Larchmont, N.Y. (American Encaustic Tiling Co., 
16 E. 41st St., New York, N. Y.) 

Tait, Leonard G., Caughey Apt. 505, 2325 E. Grand Blvd., Detroit, Mich. (E. Liver- 
pool, Ohio.) 

bate Bruce F., 103 Irving Terrace, Kenmore, N.Y (1225 Sylvan’s Rd., Cleveland, 

Ohio.) 

Whittenberg, R. E., Waterman Brick & Tile Co., Waskom, Texas. (B. Mifflin Hood 

Brick Co., Daisy, Tenn.) 


NECROLOGY 


L. Edson Jeffery 


The members of this Society have learned with regret and sorrow of the passing of 
L. Edson Jeffery, son of Dr. and Mrs. J. A. Jeffery, of Detroit, Mich. Mr. Jeffery was 
responsible for the development of most of the major improvements on the Dressler 
tunnel kilns at the Champion Porcelain Company, and was in entire charge of the opera- 
tion of these kilns for many years. He was also responsible for many other mechanical 
improvements and developments and his loss is being felt keenly by his‘entire organiza- 
tion, and particularly his father who relied on his judgment in many ways. 
‘ Mr. Jeffery was born in San Francisco on September 10, 1896. He was employed 
with the Champion Porcelain Company ever since he completed his education. As a 
boy and whenever time was available during summer months he was in close touch 
with the plant and familiar with the processes. During the war he was in an Officer’s 
Training School at Fort Zacharias Taylor and was within a few days of receiving his 
Captain’s Commission in the Artillery when the Armistice was declared. 
He was an active member of the AMERICAN Ceramic Society, having joined in 1922 
Besides his parents he is survived by his wife, a young son, and a sister. 


‘ 
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Walter A. King 


The American Ceramic Society has received word of the loss of Walter A. King, 
superintendent of enameling at the Elyria plant of the Pfaudler Company of Rochester, 
New York. Mr. King died of pneumonia on December 8, 1932. His association with 
the Pfaudler Company dates back to 1917 when he began his career as a laboratory as- 
sistant. With the exception of a year and a half during the World War, when he served 
overseas, he has been with this company continuously. In 1925 he was made super- 
intendent of enameling and in this capacity he introduced enameling practices which 
contributed to the expansion of enamel-lined equipment in many process fields. 

Mr. King had been affiliated with the American Ceramic Society since 1925 and 
his genial personality and ability will be sorely missed in the Society as well as in the 
enamel industry. 


NOTES AND NEWS 
CERAMIC SCHOOL NOTES 


Another University Ceramic Department 


Adolph Kuechler has been appointed to the faculty of the Montana School of Mines 
at Butte, Montana. Mr. Kuechler is instructor in the ceramic courses which are being 
given for the first time at the Montana technical college. He is also conducting re- 
search work on the clay resources of Montana. He has a 
Bachelor’s degree in Ceramic Engineering from The Ohio 
State University and Master of Science degree from the 
Missouri School of Mines. 

“With his wide background of seven years’ experience in 
ceramic engineering practice, Mr. Kuechler is eminently 
fitted for his position,’’ President Francis A. Thomson 
reports. His experience ranges from plant operation to 
consulting practice. .He comes to Butte from Dickinson, 
North Dakota, where he was superintendent of the Dickin- 
son Fire and Pressed Brick Company. 

Mr. Kuechler is a member of the AMERICAN CERAMIC 
Society and is a member of the abstracting staff for 
Ceramic Abstracts. 

Publications and Researches by Mr. Kuechler are as 
follows: 

(1) “Influence of Fe,O; and TiO; on Pure Clays,” a 
thesis presented in partial fulfillment for degree of B.Cer.E. ApDOLPH KUECHLER 
at Ohio State University, June, 1924. 

(2) “The Properties of the Fire Clays Used for the Manufacture of Zinc Retorts,”’ 
a thesis presented in partial fulfillment for the degree of M.S. at the Missouri School of 
Mines, June, 1925. 

(3) “Influence of Fe,O; and TiO, on Pure Clays,’’ Jour. Amer. Ceram. Soc., 9, 
104-109 (1926). 

(4) “The Properties of Refractories in the Metallurgy of Zinc,"’ ibid., 10, 109-31 


(5) ‘Some Notes on the Effect of Reclaimed Retort Material and Zinc Oxide upon 
the Physical Properties of Retort Mjxtures,”"* Bull. Amer. Zinc. Inst. (April, 1927) 

(6) “A New Mercury Volumeter;’’* Jour. Amer. Ceram. Soc., 10, 807-12 (1927) 

(7) “The Properties of Refractories in Zinc Metallurgy,’’+ Missouri School Mines 
and Met., Bull., Vol. 10, No. 2, 139 pp., illustrated. (Feb., 1927.) 


New York State College of Ceramics 


The New. York State College of Ceramics at Alfred, New York, opened for the 
year 1932-33 with a 41.8% increase in enrolment. The freshman class numbers 135, 
90 in engineering and 45 in applied art, making a total for the four classes in the Ceramic 


* Co-author with E. S. Wheeler. 
¢t Co-author with E. S. Wheeler and H. M. Lawrence. 


(1927). 
sta 
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College of 245. This increase has been due in a measure to the increased space 
provided by the new building and the superior facilities offered by new and splendid 
equipment. 

C. F. Binns, whose retirement, after thirty years of service took place in December, 
1931, has been made Director Emeritus of the School and is available for consultation 
and advice. M. E. Holmes, head of the department of Ceramic Engineering of the 
Missouri School of Mines, was secured as the new Dean of the College. 

a department of glass technology and a 
glass testing laboratory was planned. S. R. Scholes, research chemist of the Federal 
Glass Co., Columbus, Ohio, was selected to take charge of this new department. 

The State Department at Albany appropriated $40,000 for the purpose of furnishing 
the new building, and every effort has been made to furnish the plant completely with 
the best possible equipment. In general the building is to be used by all three depart- 
ments of the college, consisting of the departments of general technology and engineering, 
glass technology, and applied art. 

The sub-basement and basement houses, the testing laboratories, clay and plaster 
shops, glass laboratories, dry room, and furnace room. A tunnel in the basement 
connects with the old building to the south. The ground floor provides space for offices, 
lecture rooms, physics, chemistry, and ceramic laboratories with supplementary grinding, 
weighing, and storage rooms. The departments of drawing and design occupy the 
second floor. A large reading and assembly room is also available on this floor for group 
meetings. 

This new building is not a substitute, but is to provide additional space for the college. 
The original building takes care of the department of ceramic chemistry and the labora- 
tories for freshmen and sophomores. The department of ceramic art occupies a third 
building, north of the unit, which originally was a dairy in connection with the State 

Agricultural School. 

The laboratories throughout the new building are equipped with steel furniture, 
the first of its kind to be used in a ceramic institution. Ample storage space has been 
provided by units of steel shelving and wooden bins built to order. The cost of the 
laboratory apparatus, such as chemical equipment, microscopes, electric and gas fur- 
naces, and sandblast cabinet amounted approximately to $7000. Complete screening 
equipment has been installed, including a Hum-mer mechanical screen. The clay- 
working machinery consists of a large-size slip plant, a set of crushing rolls, aon 
wet pan, a disk pulverizer, and a Mueller auger machine. A humidity drier and an elec- 
tric drying oven comprise the drying equipment. 

Aside from the special glass furnaces, there are to be kilns for load testing, P.C.E. 
tests, frits, and high-temperature work. 

A number of new courses have been added to the curriculum; among them the 
department of glass technology is of particular note. It is the first department of its 
kind in the United States and will thoroughly prepare the graduate for immediate use- 
fulness in the glass industry. S. R. Scholes is professor of glass technology and in full 
es of the glass department. 

The department of glass technology offers the following courses: glassmaking 
materials and melting processes, glassworking and testing, glass colors and decolorizing, 
the physics of glass, and glass thesis. 

In the furnace room, there are three laboratory furnaces for experimental glassmelt- 

ing. The crucible furnace has a six-crucible capacity, each melting one pound of glass. 
A pot furnace fires six closed pots each of ten-pound capacity. A miniature tank furnace 
melts 900 pounds of glass at one time. This will furnish glass enough so that actual 
hand blowing and pressing can be carried on. The intention in having these various 
types of glass furnaces is to give the student a practical working knowledge of the dif- 
ferent methods of melting glass, as well as to produce melts of various glasses for ex- 
perimental purposes. 

In addition to glass technology, special attention is also being given to work on re- 
fractories, plant design, petrography, and advanced physical chemistry. 


The Student Branch of the American Ceramic Seciety held the first meeting of the 
year in the reading room of the new ceramic building. This event marked the initial 
use of this room, the first of its kind and purpose in Alfred. The feature event of the 
evening was a lecture on the mining of Florida kaolins illustrated by a moving picture 
which was presented through the courtesy of the Edgar Plastic Kaolin Co. 
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The Ceramic Guild entertained the freshman art students at a tea recently. As is 
usual at this time an explanation of the organization and the work of the Guild was pre- 
sented to the newcomers. Charles F. Binns, Director Emeritus of the Ceramic College, 
gave a description of the medieval guilds and the similarity of ideals and purposes be. 
tween then and this contemporary group. Clara K. Nelson outlined the plans for the 
annual Christmas festival. 


S. S. Cole, '23, who for the past nine years has had a Fellowship at Mellon Institute 
with the Koppers Research Corporation is back in school doing work for his master’s 
degree. He is now conducting a study of the conversion of quartz to cristobalite at 
relatively low temperatures. In addition to this he is acting in an advisory capacity 

on certain senior research problems, namely: ‘‘Solution of Micas in Stoneware Glazes,” 
by W. J. Merck, “Effect of Certain Physical Properties on the Absorption in Ceramic 
Bodies,”’ by F. W. Muller, and “The Effect ¢ of Reheating Refractories on Their P.C.E. 
Value,” by D. D. Dickens. 


Our President Honored 


The North Carolina State Student Branch of the American Ceramic Society was 
honored on December 6 by an official visit of the president of the Society, Emerson 
P. Poste, during the course of which the organization was presented with a Charter. 

Mr. Poste's visit was the first made by a national officer since the organization of the 
Student Branch in 1925 and was made the occasion for the return to the campus of 
practically all of the alumni living in the state. P. E. Trevathan, of the class of '28 
who was secretary-treasurer of the Charter group, accepted the Charter on behalf of 
the present membership. 

Following the sautenbiitinis ceremony, Mr. Poste was presented with a beautiful vase, 
made in the department, as a momento of the occasion. 

During the visit, the North Carolina Chapter of Keramos, national professional 
ceramic engineering fraternity, initiated Mr. Poste as an honorary member. The 
initiation ceremony was in charge of A. F. Greaves-Walker, national president of 
Keramos. 


Ohio State University Student Branch of the American Ceramic Society 


H. D. Callahan (ceramic engineer, 1919) of the Northwestern Terra Cotta Company, 
addressed the Ohio State University Student Branch of the American Ceramic So- 
ciety, December 13, 1932. His subject was ‘““The Future of Terra Cotta as a Structural 


Material.” 


Pennsylvania State College 


The Ceramic Society of the ——— State College held the first meeting of the 
year on October 20, 1932. The officers elected were as follows: President, Ronald E. 
Griffith, Vice-President, Harold R. Custer, and Secretary-Treasurer, Donald G. Samuel. 
This group is applying for ee as a student branch of the American Ceramic 


Society. 


NATIONAL PAVING BRICK ASSOCIATION MEETING 


The twenty-seventh annual meeting of the National Paving Brick Association will 
be held at the Book-Cadillac Hotel, Detroit, Mich., January 17-18, 1933. This is 
during the week of the Highway and Building Congress which will be held in the same 
city and in which the National Paving Brick Association is one of the affiliating organiza- 
tions. 

The sessions on January 18 will be open and anyone interested in street and high- 
way development is invited to attend. 
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A number of prominent engineers, contractors, and paving authorities will be repre- 
sented on the program. There will be discussions of brick for resurfacing as exemplified 
in Indiana, Illinois, and Ohio. Other topics on the program include specialized uses for 
paving brick, research applied to paving brick, reinforced brick masonry, brick pave- 
ments on flexible bases, and recent developments in brick pavement practices. Several 
large modern brick paving projects constructed in recent years will be described. 

A list of those appearing on the program includes the following: 


O. W. MERRELL, Director of Highways of Ohio, B. P. McWuorrter, State Highway 
Engineer of Georgia, J. O. McWriutams, County Engineer-Elect, Cuyahoga County, 
Ohio, A. Gorrtz, Designing Engineer, Board of Transportation, New York, N. Y., 
Morcan O’Brien, City Engineer, Springfield, Ill., and J. S. CRANDELL, University of 
Illinois. 


OHIO CERAMIC INDUSTRIES ASSOCIATION OFFICERS 


The following officers have been elected for 1933: President, F. R. Henry, Vice- 
President, George W. Denison, and Treasurer, C. Forrest Tefft. 

Members of the Board elected for two-year terms are G. W. Denison, F. R. Henry, 
R. P. Herrold, R. B. Keplinger, W. Keith McAfee, and J. D. Martin. 


ANNUAL MEETING OF THE CERAMIC ASSOCIATION OF NEW JERSEY 
Rutgers University, New Brunswick, N. J., December 20, 1932 
The program for the meeting was as follows: 
Morning Session 

(1) Business Session 

(2) Address by the President, F. R. Valentine, M.D., Valentine & Bro. Co., Wood- 
bridge. N. J. 

(3) “Optics in Ceramics,” a nontechnical discussion of the réle played by light in 
relation to the colors and visible surface characteristics of ceramic materials 
and products by H. F. Vieweg, Dept. of Ceramics, Rutgers University. 

(4) “Recent Developments in. the Testing and Installation of Ceramic Floor and 
Wall Tile,”” by J. R. Kauffman, Joint Board of Contractors’ & Manufacturers’ 
Fellowship, Rutgers University. 

(5) “The Use of Induction Magnetic Separators in the Removal of ‘Nonmagnetic’ 
Impurities from Ceramic Materials,”’ by G. W. Jarman, Jr., Separations En- 
gineering Corp., New York, N. Y. 

(6) Installation of New Officers 


Afternoon Session 


(7) “The Work of the Refractories Section of the Bureau of Standards, with Special 
Emphasis on the Investigation of Saggers and Sagger Clays,’’ by R. A. Heindl, 
Chief, Refractories Section, Bureau of Standards, Washington, D. C. 
(8) “Use of Talc (Magnesium Silicate) as a Ceramic Material,’’ by Donald Hagar, 
W. H. Loomis Tale Corp., Gouverneur, N. Y. 
(9) “Kiln Furniture,”’ by G. C. Betz, Star Porcelain Company, Trenton, N. J. 
(10) “Some Characteristics of Pyrophyllite-Clay-Feldspar Mixtures,’"’ by R. C. 
Tailby, Cellose Products Co., Trenton, N. J. 
. (11) Final Business Session 
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plications. Obtains indus- 
trial information. 


Berlin-Charlottenburg, Fritschestr. 41. 


TRADE MARK 


will give you 


MOST COLOR AT LEAST COST 


“Ceramic’’ Colors are used by leaders in the Ceramic 
Industry because of their fine quality. They have 
greater strength, brilliancy, purity and are always uniform. 
All “‘Ceramic’’ Colors are tested and must be approved be- 


fore they are shipped. 


VITRIFIABLE COLORS & ENAMELS 
For Spraying and Decorating 
I GLASS, POTTERY, TILES and BRICK 
Special Colors for Your Individual Requirements 


CERAMIC COLOR & CHEMICAL 
MANUFACTURING CO. 
New Brighton, Pa., U.S. A. 


(When writing to advertisers, please mention the JOURN AL) 


| 


JOURNAL OF THE 


The Journal 
of the Society of 
Glass Technology 


ENAMELIST’S INTEREST 
FOCUSES ON: 


SS-20 POWDERED SILICATE 
for acid-resistant enamel-ware. 


METSO, Sodium Metasilicate 
for metal cleaning prior to 
enameling. 


Samples and literature on request. 
PHILADELPHIA QUARTZ CO. 


General Offices 

121 S$. THIRD ST., PHILADELPHIA 
Chicago Office: 205 W. Wacker Drive 


Pyrometer Tubes—Protection Tubes—Combustion Tubes 


McDanel Refractory Porcelain Company 
Beaver Falls, Pennsylvania 


UNUSUAL - SHAPES - OUR - SPECIALTY 


Mr. Ceramist— 


The Clay 
We have The Facilities 
The Experience 
H. C. SPINKS CLAY Co. 
Newport, Ky. 


(When writing to advertisers, please mention the JOURNAL) 
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original papers and abstracts 
of papers covering the whole & 
; field of Glass Technology. 
ANNUAL SUBSCRIPTIONS TO 
| Ordinary Members..............$ 7.50 
Collective Members............. 15.00 
| 
Price per Volume (unbound) to 
9.00 
may be obtained from the American 
Treasurer of the Society, Francis C. Flint, 
Washington, Pa. 
The Secretary, 
Society of Glass Technology, 
| 
I 
| 


AMERICAN CERAMIC SOCIETY 


THIRTY-FIFTH ANNUAL 
MEETING 


February 12-18, 1933 


HOTEL WILLIAM PENN 
Pittsburgh, Pa. 


EIGHT DIVISIONS MEETING 
SIMULTANEOUSLY 


Admission to Meetings and Social Events by 
Payment of $2.00 Registration Fee 


One and one-half fare round trip on certificate 


secured when purchasing going ticket 


THE AMERICAN CERAMIC SOCIETY 
2525 North High Street 
Columbus, Ohio 


(When writing to advertisers, please mention the JOURNAL) 
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AMERICAN CERAMIC SOCIETY 


PEMCO 


RADIO RESISTORS 
BUTCHERS’ FIXTURES 


BARBERS’ SUPPLIES 
SANITARY WARE 
REFLECTORS 
TABLE TOPS 


PORCELAIN 
ENAMEL 
& MFG. CO. 


Eastern and Pemco Aves. 


BALTIMORE - MARYLAND 
U-S-A- 


Since 1848 
Importers of 


ENGLISH CHINA CLAYS 
| ENGLISH BALL CLAYS 
CORNWALL STONE 
TALC (STEATITE) 


Dependable Qualities of 
Ceramic Materials for 
all Branches of the 
Industry 


225 Broadway 
New York 


HAMMILL & GILLESPIE, INC. 


Ceramic Service? 
We Give It 


We Manufacture— 
Pins 
Stilts 
Thimbles 
Spurs 
Saggers 
Crucibles 
Tile for Decorating Kilns 


We Sell— 


Ball Clay 

Sagger Clay 

Wad Clay 

Ground Fire Clay 
Bitstone 

Fire Brick 
Imported Paris White 
Domestic Whiting 


THE POTTERS SUPPLY COMPANY 
EAST LIVERPOOL, OHIO 


| | 


(When writing to advertisers, please mention the JOURNAL) 
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For: PO 
REFRIGERATORS 
< 
STOVES--Gas, Electric, Coal 
WASHING MACHINE TUBS 
WALL AND ROOFING TLE [i 
> AUTOMOBILE MANIFOLDS 
| 
| 
Vy 
S 
C NOVELTIES 
| NSULT | | 
sake 
| 
| 


system of 

CERAMIC COLORS of high color value and absolute 

uniformity at all times. 
A paca lat of thee PRETESTED CERAMIC COLORS 

incl 


E. t. NEMOURS a: COMPANY; INC. 
The 8 & H Chemicals Department 


“Wilmington, Del. 


retested | 
CERAMIC. | 
@ PRETESTED COLOR for every ceramic 
cotta or other Delicate pastels, brilliant hues, all q 
laboratories before shipment. This 
| PRINTING 
COLOR BODIES AND OXIDES 
BODY AND SLIP STAINS 
COLORED GLAZE STAINS 
MAT? GLAZES Poe 


4 


> The rmit Corp. 


“CERAMIC DEPARTMENT 


HOMER FS STALEY __- MANAGER 
DANIELSON DIRECTOR OF RESEARCH 


120 BROADWAY; NEW YORK CITY 


whe To make an’ acid-re- a 
| = falwésearch work. It 
tamt enamel for sheet’ . pro of the 
“to. in-) all: enamels and the 
fluxes. tion of several new . 
elements. 
made... That,is the way our 
are acid-resistant,..° ds; have been de- 
they show variousde- ‘veloped and that is 
fects during working, >the way they work. 
4 


